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PREFACE. 



It is literally a *' burning question ** at the pres- 
ent time what system of lighting is safest, cheapest, 
and on the whole best for use on passenger cars. 
It is a question, moreover, on which there is con- 
siderable difference of opinion, due in no small de- 
gree to the lack of accurate and impartial informa- 
tion as to the merits and demerits of the various 
systems, in respect to safety, first cost, operating 
cost, light-givins^ powers and general utility. 

The present treatise, advised reprint of a series 
of articles which has been appearing at intervals 
during a year past in Engineerfng News, is an 
attempt to aid an intelligent choice by recording 
impartially the results of a series of new and 
searching tests of the several systems. These tests 
were undertaken with the consent and co-operation 
of the proprietors, and covered a good deal of 
ground which had never been covered before, at 
least by any tests of record, or by any tests of 
which the authors have been able to obtain any 
trace. The records of these new tests are supple- 
mented by complete descriptions of all the several 
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plants, and by abstracts of all attainable records of 
their performance in service or in prior tests. 

The authors have endeavored to avoid giving 
expression to any conclusions of their own, so far 
as clearness and completeness would permit ; and 
in so far as they have expressed any conclusions, 
the facts on which they are based are all recorded 
in this volume to enable the reader to form his 
own independent conclusions. 

Bealizing that large business interests were liable 
to be seriously affected by an inquiry of this 
nature, and that it would be an injustice to such 
interests to record as facts anything not established 
by adequate evidence, or as opinions anything in 
regard to which there appeared to be reasonable 
doubt, the. authors have taken every pain^ to in- 
sure accuracy and impartiality by sending advance 
proofs of all these articles, some days or weeks be- 
fore their first publication, to all known parties in 
interest (as also to many other persons supposed to 
be Competent critics), with request for criticisms or 
suggestions. All such criticisms have been duly 
weighed, and where possible adopted, or where 
impossible the opposing views presented by parties 
in interest have been simultaneously published. 

As a further precaution against any injustice, 
the authors have extended to all parties in inter- 
est the privilege of appending a statement in their 
own words to this treatise, specifying the excep- 
tions which they desired to take to any parts of 
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the treatise, and the eyidence on which they based 
their conclusions. The sole condition attached to 
this offer was that such criticisms should be of a 
specific nature and confined to technical points. 
Such criticisms as have been received in response 
to this offer are printed in connection with the 
matter criticised. 

On the other hand, the authors have felt that 
they were bound to regard public as well as pri- 
vate interests, and that, having undertaken this 
investigation with the full consent and co-opera- 
tion of all parties in interest, it was their duty to 
record all facts which made against any system, 
as well as for it. 
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ning April 18, 1891.] 



As has been iatimated in prior issues of Engi- 
neering News, we have been collecting for some 
months past the material for the following brief 
treatise on the comparative merits and demerits of 
the various systems of car lighting, of which there 
may be said to be only three of much present prom- 
inence for general use, viz.: 

1. Oil lamps. 

2. Compressed oil gas. 

3. Air gas generated from gasoline. 

Electric lighting is as yet too dear, and candles 
are both too dear and too poor an illuminant to en- 
ter largely into the immediate practical question. 
Compressed coal gas is used by only one company, 
and not approved by it. Nevertheless we give some 
details as to these also. 

The primary question with regard to any and all 
systems of car lighting must be, How much effect- 



ive light is obtained from it for a given quantity of 
combustible? This part of the investigation was 
undertaken by Mr. W. B. D. Penniman, Themist 
of the Baltimore & Ohio Railroad, known to us as 
an expert in such matters, who kindly arranged to 
give the very considerable time required for some 
careful photometric tests, as he could spare it from 
his other and regular duties. 

These tests he has at last completed, after some 
unavoidable delay, and our readers will agree with 
us that they constitute the most complete evidence 
on this subject which has as yet appeared. 

Mr. Penniman has also given us the benefit of his 
counsel and assistance in collating and digesting the 
records generally, which his intimate practical 
knowledge of the subject has enabled him to do most 
effectively. For the correctness of the photometric 
and chemical tests, however, he is alone responsible, 
and for all the remaining tacts and opinions this 
journal is responsible. 

In the meantime, Mr. George Gibbs, Mechanical 
Engineer of the Chicago, Milwaukee & St. Paul Ry., 
has prepared and read a valuable paper on the sub- 
ject of car lighting (republished in Engineering 
News for March 7-14, 1891), which in a measure 
covers the same ground as that which we have pro- 
posed to cover. In part it more than covers it, and 
in part falls short of doing so, as is but natural, and, 
as in some respects his results are discordant from 
those which we have reached, we shall include the 
data in his paper with the rest of our material, point 
out the points of agreement and difference, and 
thus, we hope, make both his records and our own 



more valuable. Some of the Doints of difference are 
of much importance. 

The question of car-lighting methods naturally 
divides itself into these sub-heads : 

1. The nature of the illuminant. 

2. Comparative photometric eflSciency. 

3. The construction and cost of the plant. 

4. The cost of operation, maintenance and re- 
newal. 

5. Comparative safety and convenience. 
We shall consider the subject in this order. 

THE NATURE OF THE ILLUMINANTS. 

The illuminauts used for all three of the chief 
systems of car illumination are products of the dis' 
tillation of crude petroleum, the Pintsch and other 
oil gas systems,* making a permanent gas from crude 
petroleum or some of its products; the oil lamps usiuj; 
some one of the kerosene oils, which range from 110' 
to 150° Fahr. fire-test for the ordinary household oil 
to the "mineral sperm" or 300° fire test oil, the 
last the only one ordinarily used, ami the only 
one which the law of most states permits to be 
used for lighting passenger cars ; and the 
carbureter system using a gas formed (i. e., sup- 

* There is at present no other system of oil-gas lighting 
before the public but the Pintsch, which is controlled by 
the Safety Car Heating 6c Lighting Co., of 160 Broad- 
way, New York. There was formerly another, organized 
by Mr. J. M. Foster, and known as the American Light- 
ing Co. : but this company is now out of business, so far aa 
we are informed. It is claimed that their method of manu- 
facturing gas was less perfect than the Pintsch. and some 
accidents to their gasworks on the Reading and other 
roads have been erroneously supposed to have been acci- 
dents to Pintsch works. 



\ 



posed to be formed) by passing air through gaso< 
line and charging it with its vapor. As a matter of 
fact, however, this gas would seem from the records 
below to consist chiefly of the vapor or steam of 
gasoline heated above its boiling point (110° F.). 

In order that the photometric tests may be prop- 
erly interpreted, a few facts as to the nature of 
crude petroleum and its products may be given now 
better than later. 

All crude petroleums are irregular mechanical 

mixtures of the following so-called parafi^e series, 

the general formula for which is Cn Hjn + 2» no one 

of which series is ever found in nature separate from 

^he rest, nor can it be obtained from the mixture by 

ordinary processes of distillation : 

Boiling 
point. 

Methane C H4 (Marsh gas) Gas. 

Ethane C2 H« •* 

Propane C3 Hh 

Butane C4 Hio 1 

Pentane <^ 3 H j 3 38 

Hexane Ce Hm ..70 

Heptane C7 Hi« 984 

and so on down to 

Ca4H6o inparaffine. 

The upper compounds of the series are gases, 
then highly volatile liquids, followed by liquids of 
greater weight and lower boiling point, and finally 
by solids. The series is even more complicated in 
practice than it appears above, as all the single com- 
pounds below C4 Hjo (butane) have (or may have) 
one or more substances of the same formula but en- 
tirely different properties, boiling point, etc. The 
single compounds have been prepared in some cases, 
but the process is often slow and difficult. All the 



members of the series, however, are characterized 
by a remarkable chemical indifference, and are un- 
affected by mineral acids and alkalis which, in 
practice, are used to effect their separation from 
other substances. The complication of the series 
given above is much increased by the fact that there 
are other substances which belong to this series of 
the formula of Cs He, the molecular construction of 
these is represented thus : 



C Ha,^ 



/C H3 



CH 



3 



All the chemical compounds in the series below 
propane, moreover, may make different substances. 
For example, there are two butanes, three pentanes 
and six hexanes. In the process of distilling 
crude petroleum, which is made up of an incon- 
ceivably complicated mixture of various element- 
ary compounds named above, those near the top 
of the list are driven off first, and it is possible 
to obtain a distillate of any desired specific gravity 
between 0.60 and 0.90, and of any desired boiling 
point between about 60° and 606° Fahr. by varying 
the process of distillation ; but no one of these dis- 
tillates will be found to contain any one or two of the 
series only. It may contain many of them, and its 
physical properties will be determined by its average 
composition or average place in the series. The 
ordinary commercial products obtained by distilla- 
tion from crude petroleum with their boiling points, 
fire-tests, specific gravity, and density, by the 
Beaum^ scale, are shown graphically in the ac- 
companying Fig. 1, and in more detail in the foh 
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lowiDgTable I, which also gives the proportion of 

eac'3 product whicb ordinary crude petroleum af- 

TiflLE I— PBOPBRTIES of THE VaHIOUS COMMERCIAL 
DiSTILLtTBe OF CRUDE PbTROLBTM. 
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Gasoline.. 

For carbureters 

Orainary 

Naphtbae: 

C Fur street lampa. etc.... 

B For BimiiKe lamps 



Tot'lof -naphtha prod'ts" 

Keroeeue oil ..SMIS" 

Mineral specpi oil 8(7 30° 

LuhrlcstfQi- oU ' 883 29° 

Farafflnewai B18 
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Loss in produciQg from crude petroleum. bb7, 10*. 

Various other intermediate products are manu- 
factiued, lor, aa we have said, au oil of anj gravity 
desired, within the limits of the above table, can be 
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had by varying the process of distillation. Thus, the 
oil commercially known as "signal oil" is of about 
250° fire test, and the commercial "headlight oil" 
is of 175' test, and both are largely used. Therefore, 
it is natural that the percentage of the various pro- 
ducts sbould vary somewhat both with the crude 
oil and the demand for the several products, but the 
above is about the present average of the United 
States as nearly as we can ascertain, and it can be 
varied only within narrow limits. Formerly the per- 
centage of the gasoline products was less, and of 
kerosene greater. 

The government statements of petroleum exports 
have on them the following standing announcement, 
from which it would appear that the percentage of 
the lighter petroleum products is not so large as 
above estimated : 

It is stated on good authority that the distillation of 
100 galls, of crude petroleum will yield 76 gall?-, of illu- 
minating oil, 12 galls, of gasoline, benzine or naphtha, 3 
galls, of lubricating oil and 9 galls, of residuum. 

The present yearly crude petroleum product in this 

country may be taken as about 30,000,000 bbls. (of 42 

galls.) as a maximum, of which about half is now 

from Ohio and other outlying fields. This product 

has been increasing very slowly indeed since 1880, 

when it was 26,2S6,123 bbls., the increase prior to 

that time having been very rapid. The average 

wholesale prices of refined petroleum and of naphtha 

in cents per gallon in New York have varied about 

as follows : 

Year, 1881. 1882. 1883. 1885. 1887. 1888. 1890. 1P91. 
Petrol'm. 8.0 7Vu 8f 8 m 7^ 7^ 7.0 
Naphtha 5i§ 7,3^ 7^ 7H 7.85 8.0 
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At the present time about 12,000,000 bbls. of petro- 
leum per year are exported, chiefly in the form of 
refined oil, the price of which is but a small fraction 
of a cent above the crude. 

The quantities of these several products, which 
are now produced or producible in the United States 
may be approximately stated as follows : 

Table II.— Estimated Present Yearly Output op 
THE Several Petroleum Products. 

p. c. of p. c. of Bbls. of 42 value 

total crude galls, per per gall, 

product, oil. year. cts. 

Gasolineof 88° proof.... a.7 0.63 189,000 15. 

" 76°to85°" .... 1.3 1.17 351,000 

Naphthas 13.0 11.60 3,510,000 8. 

Kerosene oil 70.0 63.00 18,900,000 7 2 

Mineral sperm oil 10.0 9.00 2,700,000 9.2 

liub. oil, etc 5.0 4.50 1,350,000 

Waste in refining 10.00 3.000,000 

Total crude oil product, say, 100.00 30,000,000 6.83 

All the above products are now merchantable pro- 
ducts, and in large demand. As may be inferred 
from the fluctuations of price g'ven above, the use of 
the naphthas and gasolines, especially (which were 
formerly in large degree waste products), has now 
greatly extended, so that their price ranges consid- 
erably higher than the heavier and more abundant 
products. As will be seen more fully later, to supply 
all the passenger cars in the United States with gas- 
oline for lighting uses would require an average of 
450 bbls. (of 42 galls.) per day, or 164,250 bbls. per year, 
to which add 20% for wastage, and the total becomes 
197,100 bbls , or somewhat over the possible total 
product. 

The chemical nature of the fixed gas (oil gas) pro- 
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duced by the destructive distillation of crude petro- 
leum we need not now stop to consider, since ita 
composition does not vary with momentary condi- 
tions. The nature of the gas produced by passing 
air through gasoline, however, varies greatly with 
the surrounding conditions, and must be briefly in- 
dicated. 

The so-called "vapor tension" of gasoline, i. e, the 
proportionate quantity of the spirit which can exist 
dissolved in air or other gas, and be permanently re- 
tained therein without being deposited in a fluid 
condition, varies greatly at different temperatures 
below its boiling point of 110' to 120° Fahr. Accord- 
ing CO figures given in King's "Treatise on Coal 
Gas," which is an elaborate and standard work, it is 
such as to permit the following percentages of gaso- 
line to be thus retained at different temperatures: 

Percentage of the Vapor of Gasoline (8S^ B.) which 
can be retained in Air at Different Temperatures : 

Temp:'rature Per cent, of gaso- 

of air- line retained. 

14° Fahr 5.7 

32° *' 10 7 

50° *' 17.5 

60° " 22.0 

' 6S° " 27.0 

104° '* 39.0 

These percentages are shown graphically in the 
the accompanying diagram (Fig. 2), from which it 
will be seen that about 40% of gasoline is the utmost 
which can be said to be carried off or dissolved in 
air below the boiling point of gasoline. Above that 
boiling point (110° F.) the gasoline is converted into 
steam, and any percentage whatever may be 
mingled with air. As already stated, aad shown 
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more fully below, it would appear from our tests that 
in the gas produced in practice by the so-called car- 




'ZtfO 20* ~40* 60" 00* VOO* 110* 

Fig. 2. Percentage of the Vapor of Gasoline Retain- 
able by Air at Various Temperatures. 
bureter system the relative quantity of air to gaso- 
line is many times less than the above table calls for.* 

* The percentage of gasoline to air in the ordinary fixed 
gasoline gas plants is about as the above diagram (Fig. 2) 
calls for. Thus, in some extensive and unsucce&^-fiil ex- 
periments in London, made by an **Air Gas Co "in 1872-74, 
as detailed in Kino's "Treatise on Coal Gas," 1,^) cu. ft., 
or 76.5 lbs., of air was charged with 4 galls , or 21.76 lbs., of 
88" gasoline, or 28^^56. the temperature being a^oiit 70" F., 
and the resulting candle powprfor 5 cu. ft. per hour %bout 
16 c. p., but the loss of illuminating power was very great 
as the temperature fell, a fall of 20" resulting in a loss of 
about one third of the illuminating capacity. In absorb- 
ing the gasoline the 1,000 cu. ft. of air expanded to 1.100 to 
1,200 cu. ft., when it gave 210 hours of 5 cu. ft. and 16 
c. p. flame, whence the c. p. hours per lb. of gasoline were 
176 7, and per oz. of gasoline 11.04, which we will compare 
with other records later. 
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What further details are of importance in refer- 
ence to the nature of the illuminants we shall more 
conveniently reach later. 

PHOTOMETRIC INSTRUMENTS USED AND MANNER OF 

TESTING. 

The instrument used in the photometric tests wae 




^\g. 3. Dibdin's Radial Photometric Apparatus. 

the "radial photometer" of W. J. Dibdin, F. I. C, 
F. C. S., Chemist to and Superintendent of the Gas 
and Gas Meter Testing Department, Metropolitan 
Board of Works, London, which is described in full 
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in the Journal of the Society of Chemical Industry* 
Vol. Ill, page 277. The apparatus is shown in out- 
line in Fig. 3. Mr. Dibdin shows most clearly that 
the ordinary method of testing lights by horizontal 
measurements alone gives not only misleading but 
erroneous results. The record of the intensity of the 
emitted light in one direction, the horizontal, can 
only be of value when those rays alone are to be 
utilized in practice, and the results of such a test 
are useless, or worse, when the light is to be used at 
a point above or below the source of illumination. 

The usual form of photometer is constructed to 
give the candle power in this horizontal direction 
only; but to really cover the required ground it is 
desirable to use the special instrument illustrated, 
or some equivalent. The principles upon which this 
instrument is constructed are as follov/s: 

When two lights are opposed to each other in a 
horizontal direction, and a vertical screen is placed 
between them, it is evident that the rays impinging 
on them must do so in accordance with the well- 
known law of the squares of the distance. If the 
actual distance from the center of the screen remains 
constant while traveling through the circumference 
of a circle whose center is coincident with the center 
of the screen, the number of rays impinging upon a 
unit area of the disc must be less and continue to 
decrease as the position of the light is increased 
from that of the horizontal line; and this decrease 
is in exact ratio to the cosine of the angle formed by 
the position of the light with regard to the disc and 
the path of horizontal rays. Therefore the number 
of rays impinging upon the vertical disc will 
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diminish with the cosine of the angle thus formed* 
The following diagram (Fig. 4) shows this clearly. 

Let A A\ B B' represent the section of horizontal 
rays impinging at right angles upon the vertical 
disc C C\ and let C D,C D' represent the section of 
an equal number of rays thrown at a downward 
angle from a source of light placed above the hori- 
zontal. It is evident that the whole of the angular 
rays do not impinge upon the disc, C C, but that the 




CA. 



Jl' 



—B' 



Fig. 4. 

rays that do so are defined by C D, C D\ By draw- 
ing the circumference of a circle whose radius is C 
C , and finding the cosine C is", it is at once seen that 
the section of the rays C F which impinge upon the 
disc is in exact proportion to the cosine of the angle 
of incidence, C E, 

It is evident from the foregoing that the disc used 
must be arranged so that the angle of incidence be 
equal on either side, as outlined in P'ig. 5, in which 
A A represents the disc, A B and A' B' the horizontal 
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rays, aDd C A, C A' the angular rays. With the 
disc arranged in this way it is evident that the loss 
of light by reflection is equalized. 

The •* radial photometer*' of Dibdin. as illustrat- 
ed in Fig. 3, and which operates on this principle, 
consists of two vertical supports, one of which is 
permanently fixed to the baseboard or foot, while the 
one on the right hand travels on rollers on the base 
board in such a position that it will run in front of 
the fixed support. The two uprights are connected 
by a bar the ends of which work on axles attached 



Fig. t). 

to blocks which travel in the grooves of the uprights. 
The centers of the axles correspond in position 
with the centers of the two graduated dial plates in 
front of the uprights. It is therefore evident that 
in whatever pos* <io7i the bar may be, the distance 
from the center of one dial to the other must be con- 
stant. In front of the dial plate on the traveling 
upright the screen or disc-holder is fixed so that its 
center is coincident with the center of the dial. The 
arrangement of the traveling standard on the grad- 
uated bar is evident from the sketch. 
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The disc used is the "star" or Leeson disc. This 
has been found to give the most exact readings with 
lights of slightly different colors. The arrangement 
of the screen to cut off extraneous light is not 
shown, but can easily be devised by the operator. 

AS'audarrf^f. - The Methuen screen was used as a 
standard, carefully tested against standard candles 
before and after each day's work. The candle power 
of the standard was varied according to the lamp 
being tested, and was found to possess all the re- 
quirements of a practical standard. 

The special plant used for measuring the con- 
sumption of illuminant by the Frost carbureter 
litht is outlined in Fig. 6. This plant, as hereafter 
more fullv shown, consists of a large " carbureter" 
of peculiar and ingenious construction, filled with 
wickiiig saturated with gasoline. This carbureter 
is placed on the roof of the car directly above 
the lamp, and through it a supply of air under 
slight pressure is driven to form the gas. Just be- 
fore entering the carbureter the air passes through 
a coil just above the lamp, where it is heated, and 
thence it circulates through the carbureter and de- 
scends to the lamp beneath, charged with gasoline, 
where it is burned.* 

In order to get the weight of the gasoline and 
amount of air consumed, the lamp and carbureter 
were attached to a platform, which was -supported 
by four iron posts placed on a platform scale, which 
was accurate and sens.tive to 1 oz. 

The air supply came from the air tank through the 

^ Tho coil and the heating of the air supply have been 
abolished recently, as noted .hereafier. 
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usual regulation, and thence was measured by a new 
standard meter constructed so that, as i<* usual, the 
number of feet of air consumed per hour is indicated 
by readings of one minute. The actual readings were 
of longer duration, however, to secure greater ac- 
curacy. 

The total weight of the apparatus before 

test was 235 lbs. 13 oz. 

The weight at expiration of tett was 225 lbs. 7 oz . 

Amount of gasoline consume 1 10 lbs. 6oz. 

This is equal to 1.92 galls, of gasoline of SS^'B., or 
0.65 sp. gr., which weighs 5.421 lbs. per gall. At 15 




Fig. 6. Arranejement of Frost Carbureter Plant for 

Purposes of the Test. 

cts. per gall, this amounts to 28.8 cts. for 41 hours 
burning, which indicates a cost per hour per lamp 
of 0.70 cts., to which, however, must be added further 
allowances for wastage, etc., as we shall see later. 

The subjoined table shows in detail the consump- 
tion of air and gasoline for each hour of the test. 
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SUMMARY. 



Day of 
Test. 



First 

Second... 

Third 

Fourth. . 

Fifth 

Sixth 

Seventh.. 

Total. . . 



Hours 


Gasoline. 


Air consumed. 










of test. 


Con- 
sumed. 


Blown 
out. 


Cu.ft 


Oz. 




Oz. 


Oz. 






3 


14 


3 


4.45 


5.47 


6 


25 


3 


5.35 


6.58 


6 


23 


2 


8.40 


10.33 


7 


23 


1 


10.35 


11.73 


8 


29 


1 


14.20 


17.47 


4 


15 


1 


10.52 


12.95 


7 


26 


• • 


18.45 


22.69 


41 


155 


11 


71.72 


88.22 



Gaso- 
line per 
100 p'rts 
air. 



% 

256 
380 
222 
181 
166 
116 
114 

m 



Total ^rasoline consamed 166 oz. = 1.92 gallons. 

Total gasoline which c%n be retained in air at 100"* F . 40^ 



At the end of the forty-first hour the burner re 
fused to work properly, flaring and smoking badly, 
and the test terminated. The total amount of gaso- 
line used as illuminant was 166 oz., or 10 lbs. 6 oz. 
The amount of gasoline lost by blowing off was 11 oz., 
as follows : 



lioss at the end of 3d hour burning 3 ozs. 



n 


9th 


«< 




« 


15th 


i< 




«. 


22d 


<i 




•< 


30th 


«< 




« 


34th 


*( 





3 
2 
1 
1 
1 



11 



20 



Table IV.— Comparative Summary op First and Last 
Hours of Each Burning. 

[Abstracted from Table III.] 







First Hour. 




Day. 


Gasoline. 


Air. 


Gasoline 


• 






per 100 








parts of 




Oz. 


Cu. ft. 


Oz. 


air. 


First 


5 


1.7 


2.09 


239 


Second 


5 


1.55 


1.91 


262 


Third 


5 


1.85 


2.28 


219 


Fourth 


4 


1.70 


2.09 


191 


Fifth 


4 


2.72 


3.35 


119 


Sixth 


4 


3.50 


4.32 


92H 
92k 


Seventh 


4 


3.50 


4.32 


Total 


£1 


• • • 


20.36 


152 





Last Hour. 


Day. 


Gasoline. 


Air. 


GbasoUne 
per 100 




Oz. 


Cu. ft. 


■ 
Oz. 


parts of 
air. 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 


4 

3.5 

3 

3 

3 

3 

3 


1.0 

0.5 

1.9 

1.2 

1.41 

2.0 

2.48 


1.23 
.62 
1.23 
1.48 
1.78 
2.46 
3.06 


325 

244 
203 
169 
122 
98 


Total 


22.5 


• • • • 


11.86 


189 
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To properly interpret and understand Tables III. 
and IV., some explanations and comments are need- 
ed, which we postpone till some further facts includ- 
ing the record of still another test of this same 
character under slightly different conditions, have 
also been given. 

{Note.— At this point the consecutive publication of the 
Beveral parts of the article, as announced in the beglnninsr 
of it« was interrupted in order to enable some further 
tests of the carbureter plant to be made, to determine 
if certain differences of practice in the Frost dry carbu- 
reter plant as introduced and used on the Pennsylvania 
R. R. and as sold and used by the Railroad Lighting and 
Maimlacturing Co. had any effect upon the practical 
workingof the apparatus, and if so, what. The publica- 
tion of the photometric tests was therefore postponed un- 
til the new tests had been completed, and the description 
of the several plants taken up and completed before the 
photometric records and notes of cost, safety, etc., were 
given.— Ed. 1 

THE FROST DRY CARBURETER PLANT. 

The Frost "dry carbureter" plant, like all other 
plants as yet devised for using air charged with the 
vapor of gasoline as an illuminant, consists in its 
purpose and essence of a device for passing air under 
slight pressure through a chamber packed with cot- 
ton wicking soaked with gasoline, and thence pass- 
ing it as quickly as possible, and with as little change 
of temperature as possible, to the burner, where it 
is burned like other gas. 

Fixed plants of this general nature for lighting iso- 
lated houses and hotels are in very extensivv3 use, as 
is well known, and while a variety of distressing 
accidents (the nature of which we shall consider 
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later) have from time to time occured, and doubtless 
will continue to occur, yet they have not been so 
frequent as to prevent the increasing use of the sys- 
tem, nor to seriously, if at all, affect the insurance 
rates asked on buildings so lighted. It is proper to 
add that the insurance companies ignore a good 
many real differences of security in fixing rates, as 
for instance, the difference between fire-proof and 
ordinary wooden construction in many buildings, and 
that tney very jealously and rigidly scrutinize gaso- 
line lighting plant, which must be acceptable in aU 
respects, or they will not insure at all. Nevertheless 
the facts of their practice are significant. 

For lighting railway passenger cars any plant of 
the nature of the ordinary fixed house plant would 
be wholly inapplicable, because of its danger in a 
portable form, and special precautions are neces- 
sary. The prominence of the Frost dry carbureter 
plant 'as a system of car lighting arises from the 
special success with which that system has met 
the peculiar requirements of the case, eliminating^ 
many of its more serious dangers, and so placing it 
ahead of any other system of gasoline car lighting 
which has ever been devised. Whether 16 
should or should not be admitted as a stan- 
dard system for general use depends largely 
on a variety of facts yet to be considered. 
For the present we confine ourselves to the 
mechanical details of the plant, and in regard to 
these details one can only speak with praise. It is 
riskmg little to say that if the Frost system is not a 
suitable and expedient one for lighting cars, no such 
system using gasoline as an illuminant can ever be 
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devised, and that a case of great apparent 
strength, at least, can be made out in its favor. Its 
peculiar and especial merit is that the gasoline is 
not carried in a liquid form, but absorbed in a mass 
of wicking, which is inclosed in a touffh copper 
carbureter which seems to exhaust all the possible 
precautions for carrying the gasoline safely. 

In its original form, as it stood in 1885-86, the sys- 
tem was quite different from its present form. The 
carbureter was then a brazed copper tank placed 
under the car, fiUsd with wicking saturated with 
gasoline, and with partitions to compel the air to 
meander back and forth through the wicking. This 
carbureter was encased in a wooden box, which was 
heated in winter by a pipe from the car-heating ap- 
paratus. Compressed air from the brake pipe entered 
il) a storage reservoir, (2) a reducing valve to 1-lb. 
pressure, (3) the carbureter, <4) a second reducing 
valve (to 1 oz.) and thence to the burner. 

Despite some enthusiastic descriptions of the ap- 
paratus, which appeared at that time in vat-ious tech- 
nical papers, praising the plant in the highest 
terms, this apparatus in this fo'-m was not suc- 
cessful, owing chiefly to the difficulty of insuring 
a proper and even temperature in the carbureter 
and air supply. In cold weather the light became 
quite dim and irregular, the light was not brilliant 
and other serious difficulties arose with it. 

The Pennsylvania R. R. began its experiments on 
the plant in this form over seven years ago, in the 
spring of 1884, and its subsequent development into 
the form which the system now has resulted largely 
from experiments made on that road. 



24 

The Pennsylvania began equipping cars with the 
plant as finally perfected about three years a^o, in 
the summer of 1888. The first car in the country to 
be equipped with the light, we believe, was one 
on that road. A year ago the Pennsylvania R. R. 
had some 250 cars equipped, the Pennsylvania CJo. 
50, the Reading 55, the Norfolk & Western 47, the 
Union Pacific 35, the. Kansas City^ Fort Scott & 
Gulf 25, the New York, Ontario & Western 17, the 
Chicago, Burlington & Quincy 13, the N. Y., Sus- 
quehanna & Western 8, the Cumberland Valley 6, 
the East Tennessee, Va. & Ga. 5, a total of 511, 
besides which there were a few others. Since then, 
we are informed, the Pullman Palace Car Co. and 
several others have begun equipping cars on a 
pretty large scale, and it is still conspicuously adver- 
tised by the manufacturers that the system is "The 
Standard of the Pennsylvania Railroad," but we 
do not understand that that road adopts any stand- 
ards in any formal way other than to make stand- 
ard plans for anything and everything which it puts 
into use, and we are informed that this claim is 
made without the knowledge or authority of the 
Pennsylvania road and contrary to instructions for- 
bidding such use of its name, as also that only a 
small percentage of the cars of the road are as yet 
equipped with the plant. 

By courtesy of the Railroad Lighting & Manu- 
facturing Co. we are enabled to present the follow- 
ing statement as to the cars which the^ have 
equipped to date : 

Western Railway of Alabama 20 

Atlantic Coast Line 3 

Ba'timore & Ohio Railroad 1 
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Oanadian Pacific Railway 2 

Central Railroad of Georgia 3 

Chicago, Burlington & Quincy Railroad 13 

Chicago, Milwaukee & St. Paul Railway 2 

Chicago, Rock Island & Pacific Railway 1 

Chicago & West Micbicran Railway i 

Cumberland Valley Railroad 10 

East Tennessee, Yir^nia & Georgia Railway 5 

Geoigia Southern & Florida Railroad 1 

Kansas City, Ft. Scott & Memphis Railroad 25 

Lehigh Valley Railroad 1 

Louisville & Nashville Railroad 1 

Michigan Central Railroad 1 

Minneapolis, St. Paul & Sault Ste Marie Railway .... 1 

New York, Ontario & Western Railway . 25 

New York, Susquehanna & Western Railway 15 

Norfolkfe Western Railrofid 50 

Old Colony Railroad 4 

Pennsylyania Railroad 450 

Philadelphia & Heading Raiiroad 60 

Piltsbarg, Cincinnati, ('hicngo & St. Louis Railway . . 25 

Pittsburg, Ft. Wayne & Chicago Railway 25 

Pullman's Palace Car Company 50 

South Carolina Rail wa / 10 

Union Pacific I'ailway 50 

Victorian Railways of Australia 2 

Wisconsin Central Rail way 10 

Total 870 

Nine-tenths of these cars have been equipped within the 
past two years, and we think that you will concede, tak- 
ing everything into consideration as to introducing our 
light and educating the railways to its advantages, that 
we have made considerable headway in this respect. The 
prospect of a greatly increased busine-s for the near 
future is very encouraging, especially for cars for the 
principal trunk lines, as we have now quite a number of 
Important negotiations under consideration. The Pull- 
man Co. have practically adopted it as their stan- 
dard, and the outlook for a very large business from them 
is certainly very gratifying. 

The company certainly has made very consider- 
able aDd creditable progress, and they are entitled 



to all the presumption in their fayor which Is 
created by the fact that ten different companies 
have equipped 20 or more cars, indicating that the 
system has been more or less decisively approved by 
them, while 20 other companies have experiment- 
ally applied it to from 1 to 15 cars. 

The carbureter plant as perfected and now manu- 
factured is shown in detail in the accompanying iU 
lustrations, Figs. 21-33. Certain modifications or 
differences of practice as to some details have arisen. 
within the last year or two between the Pennsyl- 
vania R. R. and the manufacturers of the Frost plant 
(the Railroad Lighting & Manufacturing Co , Phila- 
delphia, Pa.) which we shall also note. Some of the 
accompanying illustrations show Pennsylvania R. 
R. practice only. 

Fig. 21 shows the general arrangement of the 
plant. A branch from the brake pipe leads through 
a check- valve and dust screen (Fig. 22) to an air tank 
(Fig. 23) where a supply of air at the ordinary train- 
pipe pressure is stored, the check- valve preventing 
return of the air when the brake-pipe pressure falls 
for application of brakes. A "tank needle- valve'* 
(Fig. 24) is used when it is necessary to cut off all 
air supply from the tank, as for repairs or any break- 
age. Thence the air is piped into the closet, where 
there is an air gage to indicate the tank pressure^ 
and a closet valve very similar to Fig. 24 for cutting 
off air supply. Thence the air passes to the regulator 
or reducing valve, the original form of which (the 
Bowman regulator) is shown in Fig. 25, while the 
form now in use, the Chapman recrulator (which 
works on the same general principle as the Pintsch 



regulator) Is nhown In Fig. 26, Since these articles 
were begnn the company baa adopted BtlU another 

rejtnlatotot Itsown.whichitprefTstotheChapman, 
A second duit guard waa formerly used .{nst before 
the regulator, but this is now omitted. In the regu- 
lator the air pressure is reduced to 3 lbs. and here 
first the air comes into potential connection with the 




Fig. 24, Tank Needle Valve. 



gasoline, wbich is contained in tbe "carbureters," 
to be hereafter more full f described, wbich are now 
placed on tbe outside of the roof directly over each 
lamp. All the pipe connections are of copper. A 
second cbcck-valve is used beyond tbe regulator 
to keep gasoline vapor from entering it. 
A %-ia. drawn copper tube runs from the regula- 




fig, 25. Bowman Regulator and Indicator, 
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tor the whole length of the car, along the carbureters, 
with each of which it has an open T connection. 
After passing the last carbureter the tube terminates 
in a mercurial safety-valve (Fig. 27) set at 5 lbs. 
pressure, thus giving a margin of 2 lbs. pressure to 
'*go and come on" in service before vapor escape 
through the valve. 

Under these conditions it will be seen that the 
long copper tube from regulator to safety valve 
inclusive, and the interior of the five or more car. 
bureters down to the cock of the burner, constitute 
a single open chamber under 3 lbs. pressure, whidi 
may at times rise to, but not above 5 lbs. 

There was formerly placed in the closet a mer- 
curial " indicator," to show when the carbureters 
were approaching exhaustion and needed refilling. 
On the Pennsylvania road, where this device orie- 
inated, it is still used. It was based upon the prin- 
ciple that through a hole of fixed size an increase of 
air supply can only be obtained by increasing the 
pressure, and also upon the observed fact that 
as the carbureter approached exhaustion a larger 
supply of air is required, because the gas is poorer 
and the lamp needle-valves must be opened 
wider to give the same light. The whole air supply 
was therefore passed through a hole (about ^2 ^^* ^^ 
diameter) which would let through enough air sup- 
ply for full carbureters with a very trifling differ- 
ence of pressure, but which required considerable 
pressure (some 4 ins. of mercury) to let through 
air enough for nearly empty carbureters. This 
indicator is shown in part in Fig. 25. Two 
little glass disks enable the height of a mercurial 
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gage, which registers this difference of press- 
ure, to be seen, and when the difference, reaches a 
certain point (while the lamps are burning full) it 
is to be taken as a signal to "Fill Carbureters** 
and a sign to that effect is displayed. There ia 
naturally no way of telling by day, or except when 
the lamps are burning, whether the carbureters need 
recharging or not. 

This index gage has lately been abandoned, and 
the following simpler one introduced, viz. : 
*' When the flame of the lamp begins to divide into 
separate jets, it indicates that tbe carbureters need 
recharging; then turn the disk on the indicator 
board until the words 'Fill Carbureters' appear.** 
We are informed by the manufacturers that the 
present (Star) burner begins to divide intcrseparate 
jets from 8 to 10 hours before the complete exhaus- 
tion of the carbureter, while the mercurial indicator 
was not found to be sufficiently accurate, and hence 
could not oe depended on. We shall hereafter see 
reasons why the mercurial ga^^e was of necessity 
likely to give wrong indications. As the new indi- 
cator is much the simpler, and is also more accur- 
ate, it is a decided improvement. 

THE CARBURETER. 

We now come to the carbureter. The main 
features of its construction as used on the Penn- 
sylvania R. R. are shown in Figs. 28, 29. The 
construction now favored by the manufacturers 
diflPers in some details as hereafter noted. The 
abuse to which this part of the plant can be 
be subjected without destruction is graphically 
shown below. It is difficult to imagine what more 
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can be done than has been done in this device 
to make the carrying on cars of gasoline for light- 
ing purposes safe and secure ; yet, on the other 
hand, the tests illustrated in these cuts do not, in our 
Judgment, subject the carbureter to as severe treat- 
ment as it may have at times in railway accidents. 
We describe the round carbureter, as the one tested 
by us. A large square carbureter has lately been 
introduced as noted below. 

The carbureter proper is made of No. 18 cold- 
rolled copper, about ^ in. thick. The bottom and 
sides are struck up by a die in one piece, without 
soldering. The compact mass of wicking filling is 
then placed en masse inside of the copper shells, 
being put together as follows: 

Two parallel plates, 4 ins. apart, are perforated by 
a series of ()-shaped holes for the wicking, as may 
be seen in part in Fig. 28, these holes being arranged 
to form a spiral like that shown in plan in Fig. 29. 
These plates are then connected by a continuous 
strip of metal, soldered in a spiral to both the 
parallel plates along the lines shown in plan in Fig 
29. The interior frame, or head, is then ready for the 
wicking, which is put in by boys with much dexter- 
ity, strand by strand, and cut off so as to make a 
tolerably smooth surface, called the "mat." 

This interior filling, which is to all appearance a 
mere solid mass of partly compressed wicking (ex- 
cept that wicking is left out of the three or four 
holes nearest to the air inlet and gas outlet), is then 
forced into the copper case, which requires consider- 
able pressure, as the fit is tight, and the top cover- 
plate of copper is then put on, and fastened by the 
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very careful and elaborate joints whicb are suffi- 
ciently shown in Fig. 28. The similar arranpcements 
for inserting the centrfll tube (53^ in^. in diameter) 
and the several air and fluid openings we need not 
stop to particularize. 

About 12 lbs. of wicking (of the best grade) are 
thus used for each carbureter, the weight of the 
copper used per carbureter being 183^ lbs. and the 
total weight of each carbureter complete (apart from 
its outer case) being 33 lbs. The four gallons more 
or less of gas-oline which the wicking will absorb 
will weigh some 21^.^ lbs. more. The outer casing or 
mantle, w4iich serves at once for protection from in- 
jury, for keeping off the solar rays, and for furnish- 
ing a chamber in which hot air from the roof of the 
car and part of the products of combustion may 
circulate around the carbureter and keep it warm, 
is then added. This casing, or "mantle," is made of a 
double thickness of ordinary kalamein iron, packed 
between wit < straw board so as to be )^ in. thick in 
all. The bottom of the outer case consists of a single 
sheet of kalamein iron. The carbureter complete is 
firmly fastened to the roof of the car by the straps 
23 and bolts 25, Fig. 29. 

The openings into the carbureter are (1) the charg- 
ing appliance, consisting of the filling valve and the 
discharge valve, 16, 18, Fi^s. 28-9, shown in more 
detail in Figs. 30, 31; (2) an opening (5-17, Fig. 28) by 
which air enters the carbureter near its center, and 
(3) a gas exit, marked 7-17, near the outside of the 
carbureter, where the mixture of air and gasoline 
vapor escapes, to pass through the pipe 8, 9, 10, 11, 
to the burner. The top of one arm of the lamp, 



where the gas connection is made, is visible in FiK. 
28, and Fig. 32 shows, to larger scale, the carefully 
made (cas-tight joint which is ased, and which, so 
far as we can learn, never gives any trouble bj leak- 




Fig. 30. Filling Valve. 
bnreter are the air supply, the method of keeping It 
warm, and the charging arrangements. The air 
supply under Penua. R. R. practice is shown clearly 
fn Figs. 23, 39, A copper coil of jT, in. interior (>^ In. 



exterior) diameter is placed in the middle ol the oeu- 
taJ space, through wblcb moat of the gases ot eom- 
buation trom tbeliunpgoup. The air enters from tlie 
deck pipe at the bottom ol thii ctdl, and tbnioe; 



cmp 





Fig. 32. Joint between 
Carbureter and Lamp. 



after passing tbrougbt it, enters the carburet«r at 
the aperture 5. Here Che air is compelled toenter 
into and go through the wicking, if it enters at all. 
since the air connection is only with the inner part 
of the spiral. It may, however, follow this wlcking 
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downward to the bottom, and thence take a shorter 
horizontal path through the bottom of the wicking 
instead of following the spiral, if it can. Or, if the 
pressure be not sufficient to force it through, as 
there is back pressure against it, it may do neither 
the one nor the other. It will obviously take the 
path of least resistanca and is supposed to follow 
the spiral wicking space. We shall shortly see, how- 
ever, that the air supply not only does not, but that 
it cannot, under certain unfavorable conditions at 
least, either in part or whole, follow the wick- 
ing. The air enters from the copper coil at a tem- 
perature of 300° to 350° F., but enters in such a small 
volume that it is undoubtedly cooled down very 
quickly to the boiline: point of gasoline, 90 to 110° F., 
or below it if the interior of the carbureter is not 
heated up to that point. 

The Frost carbureter company no longer use this 
copper coil, but enter the air supply from the deck 
tube directly at 5, a difference of practice which is 
not approved on the Pennsylvania road. In each 
case alike, however, there is a further important de- 
tairof the air supply yet to be described, viz., the 
* by-pass," by which a supplementary air supply is 
admitted to the gas at its exit. This by-pass is 
clearly shown, but (unfortunately) not num*bered in 
Fig. 28, and lies between the *T' and "3^." The 
aperture is quite small, ^.y in., but it is large enough 
to supply a very considerable amount of air per 
hour (much more than appears to be used under 
any circumstances, as we shall shortly see), without 
subjecting it to the resistance of the wicking spiral, 
through which latter, it would seem, little or no air 
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would be likely to pa s as long as the demand for air 
is sufficiently supplied through the by-pass.* De- 
livery of air through the by-pass also, therefore, can 
only cease when there is a pressure of steam at the 
gas exit of at least 3 lbs. per sq. in. If there be a still 
higher pressure than this, as at times happens with 
the plant as now supplied by the manufactur- 
ers, there will be a tendency for the vapor- 
ized gasoline to reverse the current through 
the by -pass and flow backward into the deck pipe» 
where it will condense. This fact we shall here- 
after have occasion to refer to. The same tendency 

*0a the other hand it is cl imed that the by-pass and 
the spiral pa.s8age way through the carbureter are two 
passage ways which the air is at liberty to follow, and the 
connections to these being opened, the air will follow both 
passage ways in amount directly proportional to the re- 
sii:>taDces. Mr. C. H. Dudley, Chemist P. R. R., who 
had a prominent part in the development of the 
carbureter system, writes us as follows on this 
point : *It is assumed that the passage way through 
the spiral is so choked with the wickiag, tiat no air wlU 
pass tLat way, but when the by-pass was first devised* 
this point was very carefully considered, and experiments 
were made showing the relative resistances Whenth© 
aperture to be used in the by-pass was decided on, 
which is now 1-32 in diameter, we made a number ofr ex- 
periments on the relative resistance of the passage of air 
through the spiral and through the 1-32-in. aperture. The 
absolute amount that passes through the two is not a con- 
stant, bocause when the carbureter is first charged less 
air passes through the spiral, and relatively more through 
the by-pass, than when the carbureter is nearer dry, but 
proportions, as near as we can get at them without mak* 
mg absolute test, are that approximately lOj^ of the air 
passes through the by-pass, and the rest of it through the 
spiral . These figures, as said above, mu&t be regarded as 
approximate, and as variable, depending on the condition 
or the carbureter. That some air must pass through the 
wicking, if not most of it, will appear evident from two or 
three things: Fist, the apertures through which the 
wicking is drawn are %-in., while the sides of the spiral 
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will arise should the rays of the sun heat the car- 
bureter above the boiling point, but in this cape 
there is not likely to be any condensation in the deck 
pipe at first, as it will presumably be still hotter. As 
the sun's rays grow colder, however, the copper pipe 
will cool with it while the carbureter is still hot, 
and hence there is then opportunity for a considera- 
ble condensation in the copper deck pipe, which is 
of J^-in. diameter. The most which could happen 
while the sun's heat is rising or stationary is that 
the pipe leading down to the burner should gradu- 
ally fill with condensed gasoline, which would es- 
cape in liquid form when it was attempted to light 
the lamp. We have no knowledge of any incident 
of this kind having ever occurred; but it is known that 
gasoline steam is generated by the sun's heat so as 
to cause a blow-off through the safety valve not in- 
frequently, and whenever such blow-off occurs there 
would appear to be liability of the lower gas pipe 

are %-in. apart. There is, therefore, as shown on accom- 
panying pencil sketch, a free pass tge way for air at the 
top and bottom of ihe spiral loi ^-in. onea-^h side.— -Ed.], 
even assuming that the wicking when saturated with 
gasoline nils the 'pir«l near the middle. Expeiiments 
can be made on this point, if detiired, but we are very con- 
fident that the f-ncts are as stated by us. Second, if it be 
true, that air does not circulate through the carbureter, it 
would be impossible to light a carbureter lamp at all, unless 
there was enough pressure inside the carbureter produced 
by gasoline vapor, to have some go out of the carbureter, 
without anv air going in. We have lighted a carbureter 
lamp, having a by-pass, and everything according to our 
standard construction, when there was no fire in the car, 
and the carbun ter had been exposed for two days, to a 
tempera tiure of 10° Fnhr, To our minds this is absolutely 
conclusive that air goes through the carbureter, for no 
gasoline vapor would pass ( ui of the carbureter under 
these conditions, unless something pushed it out." 
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filling up with condensed gasoline, but very slowly, 
and probably not injuriously. 

To protect the flame of the lamp from downward 
rushes of air tending to extinguish it (which occurs 
chiefly or only when brakes are suddenly applied) a 
cone, 29, is (in P. R. R. practice, and formerly in all 
practice) put in to divert any downward draft of air, 
and this also has the effect to slightly check the free 
escape of hot air and gases up the central tube. An 
open space, 31, is formed around the central tube, by 
which the hot air in the top of the car and part of 
the gases of combustion (in P. R. R. practice a very 
little part, probably) can escape up into the open 
space between the carbureter proper and its casing. 
This hot air spreads about under the bottom space, 
27, then rises around the sides, and then returns 
again to the ventilator, 21, where it mingles and 
escapes with the ^ases arising through the central 
passage. By decreasing the freedom with which 
air escapes from the ventilator, the temperature 
which the carbureter normally attains can be in* 
creased up to any temperature which the ilame of 
the lamp below can maintain. 

This the manufacturers of the plant now prefer to 
do. As will be seen from the accompanying draw- 
ing of the lamp now used (the " star burner, * Fig. 
33), a solid diaphragm, perforated with compara- 
tively small openings only, is placed directly above 
the lamp chimney, through which perhaps half of 
the gases of combustion pass directly up the 
chimney, and the remainder of these gases, mincrled 
with a certain amount of the heated air in the top 
of the car enters the annular side passage only (131, 
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Fig. 28), and thence circulates around the carbureter, 
thus tending to heat it somewhat warmer than does 
the arrangement of passages shown in Fig. 28.* 
How great the resulting difference of temperature 
may be is now being made the subject of expsriment, 
and we shall be better able to speak later. The manu- 
facturers claim that the arrangement as to the exit 
of gases, shown in Fig. 33, is preferable to that of Fig. 
28 for another reason, viz., that sudden shocks, as in 
switching, will at times cause a downward puff 

* The manufacturers expJain the motive for the omis- 
sion of the copper coil and the change in the smoke-bell 
as follows: 

We found in practice that there was no perceptible ad- 
vantage to be gained by the use of the copper coil, owing 
to the fact that the hot air would not travel any great dis- 
tance before it had lost all the heat ^iven to it in passing 
through the coil, and we disposed ot its use for this rea* 
son, and also because it reduces the cost of manufacture. 
At the same time we o.'-e putting it in all the cdtrbureters 
for the Pennsylvania R, K. and auxiliary lines, as they 
desire it as their standard, and we have no objection 
to its use. With our new style of inverted lamp the heat 
does not strike this copper coil as direct as i !. otherwise 
did with the old argand burner, consequently we trained 
nothmg by its use, and we disposed of its use in Febru- 
ary, 1890, when we adopted the inverted regenerative lamp 
a.s our standard. 

In regard to changing the smoke-bell and introducing 
a perforated plate, it was necessary to make this change 
in order to prevent the lights from being blown out, 
caused by either an excessive upward or downward 
draft through the ventilator flue, which was generally 
caused by the opening of doors before the train stopped, 
and then by the budden application of the air brake by 
the engineer when he found that he was running past the 
station, and the brakes were not released until after the 
train had come to a standstill, thus causing a sudden 
suction, and the improved perforated plate or smoke-bell 

f)revented. to a great extent, the extinguishing of the 
ights under these circumstances; it also diverted more 
or the heat around the carbureter, which was a very 
good feature, as it keeps it at a more even temperature. 
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throu^b the ventilators which extinguishes the 
lamp. * We are not accurately advised as to the ex- 
tent of this danger with the arrangement of Fig. 2i\ 
nor of the extent to which it is remedied by the ar- 
rangement of Fig. 33, but it is obvious that there 
may be considerable difference, sii ce there is a clear 
annular space around the cone 29, Fig. 28. 

The great toughness and strength of the carba- 
reter, a detail to which great weight is very properly 
attached, as indicating that no serious harm is likely 

We have made no change in the by pass opening I which, 
is 1^ in.— Ed.J. I q regard to contracting the exit for hot 
air through the ventilator we reduced the height of the 
ventilator owing to the fact that with the old style the 
carbureter measured 12 ins. high over all. This height 
was 80 great tbat wd couid not apply it to ordinary cars 
in the Vvest, owing to the limited clearances, and also be- 
cause of limited clearances in the New England states. 
The openings through this carbureter are from IJ to IS 
times greater than the flue of the lamp; we have even 
gone further than this, and in some cases reduced the 
height of the ventilator to 1^ ins. above the carbureter 
as compared with the 6-in. ventilator flrst designed by the 
Paniisylvania R. R. Co. 

In making these changes we have always endeavored to 
have from three to four times the opening in the venti* 
lator that we have in the lamp chimney, and tliis, we 
think, is sufficient to take care of all heat from the cars. 
vVe have also made this change in the ventilator open-> 
ings owing to the fact that the Wf stern roads complamed 
tnat Che openings were s » large in the old-style venrllator 
that there was a reverse draft downward chrough the 
flii3 which was very annoying to passengers, and cooled 
otf the car excessively m cold weather. All of these im- 
provements that we have made in the system since its 
adoption have been greaMy to its advantage, and it has 
made the system applicable to all styles and classes ot 
cars for all roads. The changes are never made hastily 
by us, and are only decided upon after v.-ry careful con- 
sideration and thorough practical test. 

* The older styles of lamps only were put out in this 
way, we are informed. The new inverted lamp is only 
caused to flicker or jump by this cause, but never goes 
out. 



to result from the carbureters even in acciileuts, is 
shown ia the stx folio wing vngraTingn : 

Fif;. 34 showa&new ;i5-iD. diameter carbureter, 
with the top of the copper casing cut open and the 




" Fig. 34, New Carbureter Cut Opi 

and Interiar Construction. 
top pertorated plate torn free from thi 



to Sho*/ Wkking 
ickin)^ and 



the spiral partition to which it is soldered, t 
Its internal arrangement of perforated top and bot- 
tom plates, spiral passage and nickiog used for 
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holding gasoline in saturation, which it will be seen 
must necessarily constitute a very solid mass, so 
connected together by the partitions and top and 
bottom plates as to be likely to bold together, even 
if the copper casing were violently torn oflF. 

Fig. 35 shows a new 25-in. carbureter after it had 
first passed through a fierce fire of shavings and yel- 
low pine kindling wood saturated with coal oil, and 
then been torn open to show its condition. This car- 
bureter was first fully charged with 4 galls, of 88° B. 
gasoline, and then through a deck air pipe with a 
mercurial safety valve on the end charged with air 
pressure at 3 lbs. per sq. in., as in service. It was 
then mounted on iron supports and the fire started. 
In a couple of minutes the pressure soon rose abave 
5 lbs. per sq. in., at which the safety valve blows off, 
and vaporized gasoline began escaping from the 
safety valve, which was placed so near the fire that 
the escaping gas soon took fire and burned like a 
torch, the mercury being all evaporated. There- 
after from 1 to 3 lbs. pressure was indicated, being 
the pressure at which sufficient velocity of exit was 
obtained to let out all the steam generated. Had all 
not escaped, the pressure would have gradually 
risen, and with it the velocity of exit. The carbu- 
reters are tested to 20 lbs. pressure and it takes 60 lbs. 
to hurst them. The outer mantle became loosened 
and twisted and little jets of gasoline steam escaped 
through holes where the solder was melted away. 
and took fire; but, thouj<h the heat of the fire was so 
intense that the IJ^ in. iron pipes used for supporting 
the carbureter became red hot and were bent by its 
weight, there were no signs of any injurious pressure 



wltbiii the carboreCer, the aaietj valve and trifling 
<^DingB aroutid^.the soldered joints permitting of 




Fig. 35, New Carbureter Cut Ope^i after being Sub- 
jected to Severe Fire Test. 
escape of ffoe faster than It was generated, by a Are 
which woa certain!; very fierce. It is true that It 
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was as certainly not as fierce in its beating effect as 
would be a car on fire with a carbureter somewhere 
inside of it. It is possible, if not probable, that in 
such a fire a carbureter might pop open from press- 
ure, especially if the pipe leading to the safety valve 
should chance to have closed by a blow, but the test 
seemed to conclusively demonstrate that it CDuld in 
no case do this till long after all life in its vicinity 
had become extinct from other causes, nor would 
any such explosion be likely to do more than tear it 
open. 

After the fire built had done its worst it was put 
out, and the carbureter cooled oil and cue open to 
ascertain its interior condition. Fig. 35 shows the 
result as noted. The interior wicking was slightly 
burned on the surface, and on tbe corners quite a 
little charred, but it was substantially quite unin- 
jured, and the interior was as white as when new. 

Fig. 36 gives a view of another carbureter which, 
after being subjected to a like fire with a like result, 
was recharged with 3 galls, of gasoline, and placed 
under a 5,000-lb. steam hammer. It was first given. 
two or three light blows " to see if the seams could 
be ruptured," the published accounts say, but this is 
not quite correct. It was done to first get the air out 
of the carbureter for fear that it would "pop like a 
paper bag," and in momentary forgetfulness of the 
bystanders that what it would do under a sudden 
blow was tbe very question to be decided. Whether 
it would have "popped" or not under such a very 
severe test is uncertain, but it is at least doubtful, 
since a final blow with the full force of the hamlner 
caused no rupture nor considerable escape of gaa- 



olUte. Fig. 37 showa a bottom vievr of the s 
bareter. 

These tcits were made In April, 1890, in t 
enceof the cditoi cf tli'jjiurnal They w 




thereafter Recharged 



taiDly an impressire exhibit of the toughness of the 
carbureters, and of their ability to withstand hard 
usage eiTectively botli from fiie and violence. The 
precise conclusions to be drawn from them we shall 



omulder later Jn dlscnssing the question of safety. 
In the meantime we record the facts. 

Some further t«st3 of the effect of Impact on tha 
carbureter were made at Altoona, in June, 1800; of 




Fig. 37, Bottom View. 
the nature indicated in FIga. 3S, .t9. Tbe; were thoa 
described by the Railroad Gazette, whoae editor was 
present at the tests: 

It will be remembered thai In the "Thaztoa's" wreck 
of.Tuly:!, 1839. on the Norfolk & Western, aear fluted with 
Ihcre cai-hurelers wat burned. The car was enUpely con- 
aumed. but tbe carbureters taken from the wrecli ebowed 
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no sign of explosion. They were distorted, and the sol- 
dered joints opened by the heat, but the Ughts were put 
out by the shock of the wreck; the Are did not start for an 
hour and a half later, and there is no evidence that the 
gasoline had any effect on it in any way. 

Nevertheless, it has been suggested that there are two 
ways in which this system of lighting might cause dis- 
aster in case of a wreck. It has been said that a carbu- 
reter might be ruptured, and a car flooded with the vola- 
tile and inflammable gasoline; or that in case of a flre the 
rapid vaporization of the gasoline in the carbureter would 
cause an explosion. It was to show the probability of 
either of these events that the tests were made. 

To show what might happen in case the carbureter was 
subjecied to a heavy blow in a wreck, a new carbureter 
was placed on a solid backing of timbers, as shown in Fig. 
28. The timber backing was, of course, far more substantial 
than that which the carbureter would have in its normal 
position on the top of a car, and the effect of a blow de- 
livered upon it must be correspondingly more severe. 
Back of the timbers was a gas lamp connected with the 
carbureter. The carbureter was charged with i galls, of 
gasoline, and air was forced in by a hand pump to a 
pressure of 3 lbs. per sq. in. A drop, weighing 2,079 lbs., 
was arranged above the carbureter, and shod with tim- 
ber, the end of which was serrated to represent some- 
what the conditions which might be had in a wreck . The 
bottom of this drop is seen in Fig. 38. 

This weight of 2,079 lbs. was dropped from a height of 
33 ft. 4 ins., striking square on the carbureter and crush- 
ing it, as shown in Fig. 39. [This fall means an impact 
velocity of 30.6 miles per hour.— Ed.] The copper was not 
ruptured, but a small pipe inside the carbureter which 
extends into a pocket in the bottom of it, for the purpose 
of '^raining off gasoline left in charging, was driven 
through the metal. The seam where the top plate of the 
carbureter joins the side was opened for about H in. 
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in one place. Through these small openings a small 
amount of gasoline was squeezed out. It was esti- 
mated that perhaps half a pint escaped in this way; 
possibly, it may have been a pint. Tbe iron case was 
then stripped off the carbureter, it was turned bottom 
side up, and the weight was again dropped upon it 
with the same fall, viz , 33 ft. 4 ins. In the first blow the 
wood had been entirely knocked off the bottom of the 
drop. 80 that in this case the carbureter was subjected to 
a blow from the iron ball alone. The timber backing was 
entirely demolished. Further openings were made in the 
soldered seams of the carbureter, but the copper was not 
ruptured. More gasoline was squeezed out; it was diffi- 
cult to estimate how much, but it was not considered at 
all probable that tbe amount reached a quart after both 
blows. Of course, the carbureter was smashed flat, so 
that tbe volume inside was greatly reduced, and it was . 
physically impossible that there should not have been 
some escape of gasoline. However, it must be re- 
membered that the carbureter was overcharged 
with 4 galls, immed ately before the tests were made; the 
service charge is 2 galls., while the first chaiging of a 
new carbureter is but 2^ galls. The amount of gasoline 
Wiich escaped in this case was a good deal less than the 
excess of the charge over the usual first charge cf a new 
carbureter. After seeing this test it is difficult to con- 
ceive circumstances under which any gasoline would be . 
fomed out of a carbureter from a blow in a wreck. The 
pas lamp which was burning back of the carbureter was 
extinguished instantly at the first blow. 

A second fire test followed, similar to that al- 
ready described. 

These tests also were certainly most creditable. 
We shall consider what appears to us to be the proi>ep 
conclusions to draw from them later. They so pro- 
foundly impressed our contemporary as to draw from 
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it the soniewhat sweeping conclusion: " So far as 
cotiLcems the traveling public there seems to he no- 
thing left to be desired [italics ours] in the matter of 
safety." It also expressed the conclusion that: 
** The two elements of danger which have been sug- 
gested are entirely absent in this system." While 
not prepared to go so far as our contemporary, which 
could hardly express more absolute confidence that 
every element of danger was eliminated if it called 
in the resources of several other languages besides 
our feeble English, we may say right here that these 
tests do show a closer approach to perfect security 
against certain dangers than we should have believed 
possible before the tests were made. Such a high de- 
gree of safety as to " leave nothing to be desired," 
cannot rationally be asked for, nor probably ever ob- 
taiped from any system, but the danger (1) of ex- 
plosion of a carbureter, and (2) tearing apart so as to 
scatter pieces of carbureter promiscuously around 
the Interior of a car, seem remote. But, on the other 
hand, there are a variety of positions which might 
occur in a wreck which would try the carbureter 
more severely than the position of Fig. 38, a pile of 
-6 or 8 carbureters (it is proposed now to use 8 to 10 
on a car for brilliant light) might give very diflferent 
results from what one carbureter alone did, and the 
square carbureters now used (as described in our 
next issue) hold much more gasoline than the style 
illustrated and tested, while the falling weight, 
great as it was, inadequately represents both the 
TFand the F^ of a colliding train. While we endeavor 
to do these remarkable tests full justice, t]»erefore, 
by admitting that they showed more resisting ca- 



pactty than we had previonsly believed posetble, 
we must Dot be understood to implf thereby that 
they Indicate even sufficient, much less "entire," 
safety. They indicate Bufflcient safety U they thow 




Fig. 38. 
as much or more Chan can be otherwise obt^ned Kb 
about Ibesame cost; otherwise they do not. Ranoa 
aflDaldetermtnatioa rests upon conditions 7«t to 
be determined. 



Since the preceding in its present lorm was In 
. ^pe ftu incident of some apparent moment in con- 
nection witb this question has happened , as nar- 
rated In the reprint below. Fending the comple- 
tion ol this series of articles, and especially oC that 
portion whicb relates to the question ot the com- 
parative safety of various aystems of car lighting, 
it does not seem flltlng lor us to discuss the inci- 
dent in an; manner, nor can any one incident be 




Fig. 39. 
decisive as to the question of absolute or compar- 
ative safety. But we deem it proper, and due to 
our readers, to reproduce without comment the 
newspaper record of the Incident below, as a warn- 
ing to be a little cautious what they do ; and the 
curious may Qnd by referring to sundry issues ot 
this journal 12 to 15 months ago what was then our 
opinion as to the possibility of such Incidents as 
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that which happened last week. At .the pi»9ent 
time, pendlDg the completion of these articles, aod 
of all the experiments on which they are based 
(some of which, ut a supplementary nature, are 
even now in progress), we have no opinions, noi^^o 
we allow ourselves to form any, ezcept.that caution 
is necessary and that every incident of this nature 
should be justly and promptly weighed by thofie 
responsible for the safety of railway travel, and 
therefore should be promptly laid before them for 
their consideration. 

The following is verbatim from the Savannah 
Morning News of May 6, minus the .usual startling 
headlines : 

PassiengeroofbchNo. 203 of train N.o. 3 of the Central 
Kailroad, which left SavannahMonday night, .M<^y>4lLat 
S:10 o'cloclc, was totally destroyed by fire at the J(Mvifle 
post. 

The flre was caused by the vapor arising /iiom eripWlPg 
gasoline coming into contact with the flame of alMitalQi. 
The car was illuminated by a gas made frvHU ihe*]IVost 
dry carbureter system. The carbureter was placed on the 
roof of the car and filled with wicking. Air passes through 
from a storage res^voir on the bottom and pi<dc8 up 
enough vapor to make a rich illuminating gas. 

Through some unknown cause a sufilcient amount of 
this vapor escaped into the lamp holder to extiuguioh the 
light, and Porter Joe Smith undertook to remove [open 1] 
the lamp in order to relight it. As soon as he opened ^Uie 
holder the vapor escaped m large volumes and Xfm 
through the coach until it came into contact witii the 
lantern, which stood at one end. 

THE CAR FILLED WITH FLAMES. 

Immediately there was a loud explosion, and flamea 
shot upward through the car. The passengers, of whom 
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-there were qnite a^ Aumber/gmbt^ed tip their sateb^sittnad 

beat a haaty rovreat through the other door, just in tiitte 

to epcape the flamep. fhe porter stepped long enongh to 

•pull the bell rope, and received severe bums on the hands 

and arms. 

Condnctor Ccbbedoe, the moment he heard the bell 
ring, rushed fnm his eab and saw flames shooting up 
from the middle of his train. He realized that quick 
work had to be doAe, and lost no time in getting to the 
burning ooacb and cutting it Off from the bilance of the 
train. Had it not been forCkmductor Oubbedgb's prets- 
ence of mind the entire train would have been destroyed. 

BURNED TO tHE TRUCKS. 

Nothing could be done to save the coach, and it burned 
rapidly. As soon as the destructibn was complete the 
trucks were removed from the track and the forward part 
of the train was coupled to the sleepers, which had been 
in the rear of No. 298, and the journey to Atlai^a was re- 
sumed. Although the delay had been of considerable 
duration, nearly all of the lost time was made up, and the 
train reached Atlanta yesterday morning only 15 minutes 
behind time. 

The passengers bad a narrow escape from being burned 
to death, and they were considerably excited over the 
affair. They all managed to save their effects, however, 
and all the loss sustained falls upon the railroad com. 
pany. No. 298 was one of the Central's new coaches, and 
was worfh about $4,800. There was no insurance. Porter 
Smith was brought back to the city and given medical 
attention. His injuries are of a slight character, and he 
will be all right in about 10 days. 

NOT AS SAFE AS WAS THOUGHT. 

The gasoline gas system of illuminatinR: has only been 
recently introduced on the Central, and but three coaches 
had been fitted up with it. It was thought to be one of 
the safest systems of car lighting in the world. Before 
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adopting it tbe authorities of the road subjected it to the 
severest kind of test Lo And out whether there was any 
danger of it causing fire in case of a wreck. 

Heavy weights were dropped on the carbureter, but it 
resisted sucnessfully, ami showed that there was no dan- 
ger of Are from combustion. The Pennsylvania R. R. 
us>es the system exclusively, and the Norfolk & Western 
and other \a.T^e ro ids have also adopted it. 

The Central now has but two cars using the light, and 
the aulhorilics are making a thorough inyestigation into 
the causes of Monday night's disaster, to prevent any 
possible recurrence of a similar character. The Gontrars 
new sleepers do not burn any gasoline whatever, and 
there is not the slightest danger of any such accident oc- 
curing to them. 

The si at t? men t that the Pennsylvania R. R. uses 
the system *' exclusively" is not correct. Only a 
small percentage of its cars are equipped with it. It 
is true, however, that the system is in very extensive 
use on that road, as shown by the table published 
last week, and it is also true that most, if not all, of 
the new passenger cars added to its equipment in 
the last two years have been equipped with it. 

Another account of this incident, dilTering in some 
details from the above, was published in the Atlanta 
Constitution^ May 6, and that the precise nature of 
this (presumably) significant occurrence may be bet- 
ter understood, we reproduce that account also Ter- 
batim : 

•'Porter, there's gas in this car !" It was on the night 
passenger which left Savannah Monday evening for At- 
lanta. The train was about 15 miles this side of Savannah, 
running on a straight track, and at the rate of 35 miles an 
hour. It was pine o'clock. The passenger coach Just 
ahead of the handsome new sleeper was crowded with 



men, women, and children. Suddenly the passen^rs in alj 
parts of the car commenced snifflng. There was an odor 
of gas in the car, and as the porter came through it a New 
York drummer exclaimed as above. 

One of the gasoline jets in the forward portion of the 
car had gone out. The porter climbed upon a stool to 
light it. He removed the chimney and then discovered 
that he had no matches. He reached down for his lantern 
and removed the lamp proper from the glass encasement 
in order to light the jet. [ I his is obviously impossible.— 
Ed.] The eyes of every one in the car were naturally 
upon him. He raised his torch. An explosion followed ; 
the porter dropped, and a sheet of flame spread from one 
end of the cir to 1 he other, over the heads of the passen- 
gers. In an instant it seemed that e "ery piece of wood in 
the car was a living flame. The men jumped for the bell 
rope, and in the excitement literally tore it to shreds. 
Men rushed to the car doors , and women screamed as the 
train sped on, carrying them in a prison of flames. 

The train was quickly brought to a halt, but it seemed 
an eternity to those boxed within the encasement of fire. 
Before the last passengi r got out flames were bursting 
through the car windows and licking the roof. Many 
escaped only with their lives, leaving their hand baggage 
to the flames. 

But for the quickness and coolness of the crew the en- 
tire train would have been consumed. Conductor BEr:BB 
quickly uncoupled the burning car from the others. The 
front cars were pulled ahead by the engine and the rear 
sleeper forced back by the combined strength of the men 
aboaid the train. Then the engine raa ahead to the next 
station, where another passenger coach and the wrecking 
crew were wired for. There was a delay of about flve 
hours before the iron remnants of the burned coach could 
be removed 

Fortunately but one man was injured. He was Con- 
ductor CuBBAOE, who was not on duty, I ut happened to 
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be comingr np od the train. In hl» efltorte to aid tbe, ■ paa^ 
sengers and remore the other can one of his hands was 
badly burned and his face scorched. 

We need hardly say that our columns stand ^liMe 
open for any accounts or explanations of this -teci- 
dent tending to throw a different lifrht Qp<m 1t,^0r 
to explain how it is consistent with that peiltfe^t 
safety which has been claimed for tbe system, aiid 
which certain presumably competent persons have 
been so ready to certify to on evidence which4o iheir 
minds seems to have been absolutely conclasive. 

CHARGING THB CARBURSTBRS. 

The arrangements for charging the etfrtnxreters 
are fully shown in Figs. 28, 29, 30, 31, already glTton^ 
and in the following ]^igs., 40, 41. Fig. 40 shows tfae 
charging can, which is of 482 cu. ins, or 2.00 gfi]l>> 
capacity. 

In charging it is stipulated first that there shall 
be at least 20 lbs. pressure in the air tank, and that 
the closet valve (just below the regulator, seeFi|r;81» 
p. 428) shall be opened. Tbe reason for this isflHlt 
charging the carbureters is not allowed (at lea&tl^ 
the more cautious roads) while the car Is in setTtee^ 
and a certain amount of air pressure in the carba- 
reters is necessary for tbe charging process. TbA 
regulator prevents more than 3)^ lbs. entering tbem^ 
and the stipulation as to 20 lbs. pressure is mexel^ 
to have enough margin to insure 3 lbs. speedilQf 
reaching the carbureters. 

The charging can, Fig. 40, is then turned upside 
down and its nozzle placed in the filling valve (FKg^ 
30, and 18, Figs. 28, 29) where a slight turn of the eaEn 
secures it in position, with a tight joint. A rubber 




Fi£. 40, Charging Ci 



tube is then attached to tbe aide nozzle of the can 
and to the " diacharge Talve ' of the carbureter (Fig. 
31, and TO, Fig. 29). All four couks (two on the can. 
two on the carbureterl are then opened, and thegaa- 
oline flows throuKb the discharge valve into the car* 




. Gasoline Cnarging-Can House. 



burct«r and spreads all over the top of the Innn 
mass of wicking, the gasoline being permitted to flow 
out by the entrance ot compressed air above it 
through the discharge valve and tube, this discbaisa 
valve connecting with a pipe leading to the Innei 
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part of the bottom of the carbureter, in a manner 
easily imagined, but not clearly shown in the draw- 
ings we engrave, to fulfill the following functions: 

As soon as the wicking has absorbed all it can, it 
will be clear that free gasoline will begin to gather 
in the bottom of the carbureter, which runs toward 
this discharge pipe. To determine when this has 
taken place, the workman slips off the rubber tube 
from the discharge valve from time to time. Air 
will at first blow out, but finally, when the interior 
wicking is completely saturated, liquid gasoline, 
there being 3 pounds pressure in the interior. When 
this occurs all four of the cocks are at once closed, 
the two cocks on the can and the cocks on the car- 
bureter; afterward the charging can is disconnected 
from the carbureter and the lid to the cockbox is 
closed. 

"In a short time," say the instructions, "all the 
oil will be absorbed, and cannot be blown out except 
as a vapor or spray. Exhausted carbureters should 
take the full amount of oil for which they are rated 
without showing signs of overrating." It is obvious, 
however, that carbureters will usually be charged 
before they are fully exhausted, and hence that a 
small amount of unabsorbed gasoline is likely to be 
left in the bottom of the carbureter, which will be 
"overcharged." If so, this will be the first gasoline 
to be evaporated, and it will naturally soon be used 
up, leaving the interior "dry" as respects visible un- 
absorbed liquid. But to avoid leaving any liquid 
gasoline behind, as also to prevent any liquid gaso- 
line escaping through the discharge valve of the cart 
bureter, the iormer regulations, as established on 
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the Pemisyfraaiia BV R. and still in force "on "thatfc 
road, require that the charging can be kept inpkvoe ' 
until all gasoline has been discharged into the car- 
bureter that will enter it, and without removal of 
the rubber tube to test the interior status of thecal*-' 
bureter, and that the surplus nnabsorbed gasoline 
should then be returned to the charging can as fol- 
lows: 

Close, first, the can filling-cock, then, an instant 
after, the carbureter charging cock ; then disconnect 
at the charging cock, leaving the rubber tube still 
on, and set the can down upright. Then open the 
filling cock of the can, which permits the interior 
air pressure to escape from it, and the interior press- 
ure in the carbureter will then force back any free 
or liquid gasoline which may be in the carbureter 
into the can. 

This process takes a little more time, but it avoids 
(1) the slight escape of oil or gas in testing at the 
discharge valve ; (2) the possible small quantity of 
oil left between the two filling valves in shutting^ 
them off (there being no instructions to leave an 
interval of time between these operations), and (3) a 
second loss through the discharge valve in testing 
if a carbureter be overcharged, which latter will be 
only occasionally done. It was formerly required by 
the company's instructions, but is not now, that the 
charging shall only be done in the daytime, when 
lamps are not burning, and when the car is not in 
service or in a station. The regulation cf these 
matters is now left for each railway to fix for itself. 

The Pennsylvania road has its gasoline-charging^ 
cans filled at the refinery and shipped to them. The 
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Mrfolk & Western buys 5 bbls. at a time and stores 
it In a large tank. From 15 to 20 % evaporates in a 
few weeks if kept in barrels, however tight, the gaso- 
line being so volatile as to escape through the pores 
and cracks of the wood. The company's instruc- 
tions recognize this point, stating that ** Gasoline 
Sdould be stored in iron barrels of 100 or more gal- 
lons* capacity or in filling cans. It cannot be kept 
profitably in wooden barrels.'* The Pennsylvania 
and other roads use a "gasoline charging-can house** 
like Fig. 41 for storing the gasoline for the use of 
yardmen in charging. The building is of sheet metal, 
with a wood or iron frame, as shown, 9 x 12 ft., and 
is said to cost only $200, holding 80 to 111 cans, which 
is said to suffice in service for 100 cars. 

The company's instructions were formerly con- 
tained in an explanatory pamphlet of some length, 
but the company advises us that this has now 
been encirely dispensed with, and the instruc- 
tions to employees for managing the plant are 
now all contained in two folding cards for the pocket, 
one for yardmen, giving instructions for charging, 
and one for trainmen, as to operating the lamps, it 
being very reasonably claimed that no one man is 
charged with both duties, and that the instructions 
were thus "boiled down considerably." In addition 
to the instruction as to routine details, which occu- 
I)ies only some 54 lines on both instruction cards to- 
gether, the caution is added in lar^e type to the fill- 
ing instructions, "Use only 88** gasoline oil; test all 
oils for specific gravity before using," and, to the 
lighting instructions, "Keep the glass globes clean,*' 
and " Do not allow the lamps to smoke, and when 
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passing through the car al^vays look at them to see 
if they are burning properly." 

The gasoline storehouse is placed at any conven- 
ient location in the yard convenient to the tracks. 
That at Altoona is about half a mile below the pas« 
senger station, near the old car shops. It is much 
like Fig. 41, but stands upon posts. A b3arcL floor ia 
used, sheathed with sheet metal. 

The interior capacity of the copper carbureter 











Fig. 42. Standard Perforations for Wicking, New 
Square Carbureter (full size). 

shell is 2,112 cu. ins., or 9.14 galls. The total quan- 
tity of gasoline in a fully charged carbureter ia 
somewhat under 4 galls.; of which some 2 galls. only 
can be evaporated before the gas becomes too poor 
and recharging becomes necessary. In this latter 
condition, though there is really a great deal of gas- 
oline in the wicking, it is all but imperceptible to 
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any other sense than that of smell, and not very 
noticeable in that way. We learn of no evidence 
that the pores of the wicking fill up with extraneous 
matter and so degenerate materially, even after sev- 
eral years* service. Our impression is that carburet- 
ers will average in this respect at least 15 years* 
life, possibly more. We have seen samples of wick- 
ing from carbureters said to have seen several years* 
service, which were to all appearance good for many 
years* more service. Should the carbureter be 
charged by error with too heavy oil, it can be grad- 
ually exi>elled by lighter oil through the discharge 
valve, by running a few gallons of light oil through 
the carbureter. 

It has recently been determined that it is desirable 
to enlarge the carbureter, and the carbureter now 
manufactured is 25 ins. square instead of round, io. 
creasing its interior capacity to about 2,413 cu. ins., 
or 28.6%. The square carbureter is the only one 
now manufactured or used by any one, we believe, 
except, of course, in stock already equipped. The 
effect of this is to increase the total absorbing ca- 
pacity to nearly 5 galls., and tha amount which can 
be burned out before recharging to 2.5 galls., or some 
90%, thus affording that much longer service between 
chargings. Some additional absorbing capacity has 
also been obtained by increasing the amount of wick- 
ing used per oquare inch soma 25%, thus making the 
mass of wicking solider. About 18^ to 19 lbs. of 
wicking is now used in the square carbureter, against 
12 lbs. formerly used in the round, an increase of 56 
to 69 %, and the absorbing capacity should be in- 
creased in about the same proportion. It is pro- 
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posed also to deepen the carbureter so as to obtain 
about double the former capacity.* More is claimed 
by the company in respect to time of service between 
recbargings than appears to be warranted by expert- 
ment. About 40 to 45 hours betw^een charginga is 
the utmost that seems possible with the new lamps; 
and the new carbureter increases this to 56 to 63 
hours, or, if deepened to double capacity, will give 
80 to 90 hours. 

The total length of the spiral passage in the wick- 
ingin the old circular carbureter is no less than 42^ 
ft., and in the new square carbureter about 60 ft. 
It goes without saying that there must be consider- 
able resistance to the passage of air through such a 
long distance, and that the addition of morewicking 

* In reprard to the recent and proposed chani;e8 of the 
carbureter the coinuany writes us: "A number of changes 
that have been niaae in connection with onr car-Ughtins 
system of considerable importance, principally the recon- 
struction of the carbureter from circular toeqoare. The 
circular carbureter gave from Sd to 60 hours' service, and 
the new square one will give about 125 hours, the princi- 
ple being the same. We are also changing the oonstmo- 
tior of our inverted lamp at the suggestion of the Pnll- 
mau Palace Car Co., and we have found by experiment- 
ing that it will increase the candle-power illumination 
about 20^. Therefore, instead of getting an averaffe 
candle power illumination of 90 with the present lamp, by 
a slight alteration in its construction we will be ame to 
get in the neighborhood of 120 c. p. 

'Our light stands upon its own merits, and will super- 
sede others in a very short time, owing entirely to Ita 
superiority in every conceivable sense. The Pollman 
company has now adopted it as its standard, and is 
equiri)ing its cars verv rapidly; in fact, we cannot get the 
material out fast enough for them. When it is taken 
into consideration that m one item of expense alone, tiiat 
with our system of car lighting, the Pullman company 
will save not les3 than $2iX) 000 per year by saving their 
carpets from oil drippings, this to them is one of its 
greatest recommendations. " 
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will still farther increase this resistance, but the 
additional capacity is considered to more than bal- 
ance any disadvantage in this respect. 

MISCELLANEOUS NOTES. 

We find there is considerable difference in the 
commercial gasolines, which are all supposed to be 
of about 88' B. In Baltimore, and, we judge, in 
other cities also, the Standard Oil Co. always sup- 
plies gasoline wnich is really of 91"* B. gravity for 
88^, and this 91" gasoline boils at 82"' Fahr. under 3 
lbs. pressure, which is almost exactly the point 
at which it should boil, according to the diagram 
given in Fig. 1 (issue of April 18, 1891), at atmos- 
pheric pressure. We are not as yet accurately in- 
formed as to the effect of 3 lbs. or 5 lbs. pressure on 
the boiling points of gasoline of various proofs, but 
shall be able to give it before conclusion of these 
articles. 

The bursting pressure of the carbureter is about 
€0 lbs. per sq. in. ; 30 lbs. will never break it, and the 
proof test is 20 lbs. The precautions against over- 
pressure are (1) the regulator, (2) the safety valve, (3) 
with the Bowman regulator, that all air supply passes 
through a A to :^ in. hole (0.062 to 0.031 in.), the exact 
sizes used being 0.04 in. for 3 lamps (of the old 
style, burning about one- third as much gas per hour 
as the present style), 0.052 for 5 lamps, 0.072 for 10 
lamps. It is to be noted that this passageway is not 
greatly larger than the by-pass aperture {h in.), but 
there is considerably more difference in pressure in 
most cases beyond doubt. Still, the Bowman regu- 
lator has been found unreliable, and is not now used. 
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and, in our judfscment, in part because the by-pass 
regulates the air supply after the lamp and carbu- 
reter are once well warmed up, nearly or quit-e all 
the air which is used passing through the by-pass. 
The reasons for this conclusion will appear more 
fully later.* 
Summing up the old round carbureter weights: 

The wlckinf? weighs 12 lbs. 

The copper case complete weighs 18^ " 

The interior meter parts weigh 21 ** 

The outer mantle, etc.. complete, weighs 83^ 
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Total weight of empty carbureter and ease. . .1% lbs. 
The charge of galls, gausoline weighs 219^ ** 

•The P. R. R. standard tank, 10 ft. 3 in. Ions and 
16 ins. diameter, is tested to 300 lbs. and charged or- 
dinarily with air at 70 lbs. It has been found to run 
a car with freshly charged carbureters about 8 
hours, and with nearly empty carbureters 3^ to 5 
hours. To see how this compares with the capacity 
of the brake pipes to supply air, a Westinghouse 8- 
in, pump, under ordinary working conditions, will 
about keep air flowing through a X-^* ^ole at 60 
lbs. pressure. 

The interior capacity of this tank is about 14 ea. 
ft., which, if charged with air to 65-68 lbs. pressui^ 

* The purpose of the by -pass is thus explained by the 
company : 

When the carbureters are freshly charged, or when the 
air is very warm, there is a possibilit;^ of cariyingtoo rich 
a gas down to the lamps. To obviate this dimculty a 
permanent cross connection is made between the air imet 
to and outlet from the carbureter. In this cross oonneo- 
tion is a diaph ra^rm with a very small hole, so that a small 
amount of air is taken across to the gas as it comes out 
of the carbureter, diluting it a little, and thus prevent- 
ing any possibility of too rich or too smoky a gas reach- 
ing the lamp. 



'Will hold about i% times its volume of air at 18 lbs. 
pressure, or some 65 cu. ft. of air, or 13 cu. ft. 
per lamp with 5 lamps per car. According 
to these figures, therefore, each lamp when the 
carbureters are full should use about 1% cu. ft. 
of air per hour, and when the carbureters are near- 
ly empty 3.7 to 2.6 cu. ft. per hour. In Mr. Penni- 
man's tests as recorded in Table III. (p. 392 of 
Engineering News of April 25), he consumed 
almost exactly the same amounts per lamp. Other 
records of the Penns:rlvania R. R., however, indi- 
cated 2}4 and 5 cu. ft. per lamp per hour of air 
coDSumptian^ but this, we infer, was for tests when 
the lamps had not been burning very long, and 
heice when the air consumption was larger than 
after long burning. 

It is estimated on the Pennsylvania R. R. that, on 
an average of the whole year, cars in service are 
lighted for 3 hours per day, 4^ in winter, and 1>^ in 
summer. Cars on long runs, however, are lighted 
all night, so that there is much inequality between 
different cars. A car with 6 lamps of the new style 
of burner will bum about a quart an hour of gaso- 
line, which is at the rate of 3.63 oz avoir, per lamp 
per hour, Mr. Penniman having found about 4 oz.* 

In the new square carbureter, in which the holes 
for the wicking are punched a little closer than was 
formerly the custom, there is one oblong hole of 0.125 
sq. in. area for each 0.370 sq. in. of area, as shown 
full scale in Fia:. 42. This shows that a little over 

* The distinction between ^mmZ ounces and avoirdu- 
pois ounces is to be kept in miDd . There are 128 fluid oz. 
and rally 87 avoir, oz. in a eraUon of 88'' B. gasoline. 
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one-third of the total area of the ''heads** (through, 
which the wicking is drawn) is occupied by the wick- 
ing where it passes through them As the wicking ia 
here very much compressed, the interior space 
between them is doubtless very completely filled by 
the wicking when fully saturated with gasoline, the 
fluid gasoline itself being of such bulk as to occupy 
about 45% of the interior space of the carbureter. 

In regard to some of the preceding statements as 
to the capacity of the carbureter and its hours of en- 
durance, Dr. Chas. B. Dudley, Chemist of the 
Pennsylvania Railroad, writes us as follows : 

It is a mistake to^say that only 2 galls, of the gasoline in 
in the carbureter can be burned out. In order to make this 
clear, we will say that we have several times on a car dur- 
ing test filled a carbureter full, namely, a little less than 4 
grails., and burned it down, so that it would take from 3 to 
3M galls, to recharge it to the same condition thalit^waa 
when the test began. Apparently reliance was placed on. 
Mr. PENNiMi0i's test of 40 hours, burning 6 ozs. of gaso^ 
line per hour. There are some unexplained difflcoltiea 
connected with that test, however, which we have not 
been willing to regard as satisfactory, and we are in- 
clined to think that in this view the carbureter people oo- 
incide; not that Mr. Penniman did not do fairly, but that 
the carbureter was not properly set up. The reason why 
the charging can holds only 2 galls, is because we want a 
certain margin. If the carbureter will hold from SH to i 
galls., and will burn down satisfactorily to a point where it 
leaves one gallon in the carbureter, we can then add 8 
galls, of gasoline without any danger of overcharging the 
carbureter; in other words, with a 2-gall. charging can 
and ordinary conditions of .service, there would always be 
a half gallon of capacity under extreme conditions left as 
a margin against overcharging, and this we deem good 
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practice, so that it is not correct to say that only 2 flails. 
can be burned out. 

As to the arrangement of the smoke bell and endurance 
of lamp, we will say that we have recently had the plate 
in the smoke bsll taken out of the lamps on car 418, and 
that the car has burned since that time from 80 to 90 hours 
with the Inverted lamps, and without any difficulty. 
There is really no necessity for the plate in the smoke 
bell, as the carbureter people claim. The car has been in 
constant sorvice, and the light is perfectly satisfactory, 
except that as the carbureter gets nearer exhaustion the 
amount of light is diminished. It will be necossary, there- 
fore, if it is deaired to express the actual state of the case, 
to modify the figures given as to the amount of time be- 
tween chai^ngs. Of course if the capacity of the can is 
to detennfne the amount of time between chargings, 40 to 
50 hours is perhaps all we will get. On the other hand 
with larger carbureters, or with a change in the charging 
can, which has been under discussion for some time, con- 
siderably more time can be obtained.* 

Dr. Dudley also says in another note: 

'• We find to our regret that the inverted lamps which 
we have in service, have the smoke bell as shown, but we 
regard this as a very serious mistake, and as soon as we 
can make the change, we hope this practice will be aban- 
doned. ' We do not approve of it, and we are inclined to 



• The cone put into the smoke bell was not put in to 
slightly check the free escape of heated air and gas as 
Btated in the article, but for the purpose of preventing the 
-in-rush of air (which occurs when the brakes are suddenly 
applied) from putting out the light. It was found that 
the cone deflected the air currents away from the top of 
the lamp, and thus they did not result in pushing down 
the products of combustion on the flame and extinguish- 
ing It. Our flrst construction had no cone, and we would 
prefer this now, but the cone or somo other device seems 
essential to prevent extinguishing the light, when the 
brakes are suddenly applied. 
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think that the carbureter people themselves are weaken- 
ing in regard to their advocacy of it." 

Dr. Dudley will hardly need any assurance from 
us, we trust, that it is desired "to express the 
actual state of the case/' but he will pardon us for 
suggesting that the above corrections are a little 
confusing. In the first paragraph it is stated that it 
is deemed good practice to have only a 2-gall. charg- 
ing can, in order to leave a certain margin against 
over-filllnR. In t he next it is claimed that we should 
modify our statement, that 40 to 45 hours is the 
limit of service for the new lamps, because, with 
" larger carbureters or a change in the charging 
can, which has been under discussion for some time, 
considerably more time can be had,** though if the 
capacity of the can is to determine the time between 
chargings " 40 to 50 hours is perhaps all we will 
get,** or substantially what we said. 

As to how much gasoline can be burned out of a 
full carbureter before exhaustion, we are quite ready 
to believe that at times much more than 2 galls, may 
be burned out if a poor light will be accepted, and 
doubtless it depends a good deal upon how the lamp 
is being burned, whether to give much or little light, 
whether gas will cease to be supplied fast enough 
and rich enough to maintain the fiame in s^o^utf^uo. 
Mr. Penniman's tests, as recorded in the beginning; 
of these articles, were made to show the lamp at 
its best in regard to volume of light, being accom- 
panied by photometric tests; and they showed that 
the lamp burned well for 42 hours, until a little less 
than 2 galls, had been burned and then quite sndi- 
denly bcgau. to flicker and fail. This shows con- 
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dusively that /or giving thefvU light of the lamp^ 
as tested by Mr. Penniman, somewhat less than 2 
galls, was the burning capacity of the carbureter, 
and, as that chasces to be also about the capacity of 
the standard charging can, the inference is natural 
that it is about the certain endurance of the car- 
bureter, though at times it may burn out consider- 
ably more. Of course, with the new square car- 
bureter the burning capacity and proper size of 
charging can well be increased pro rata with the in- 
terior capacity. 

As to whether Mr. Penniman's experimental 
plant was or was not properly set up to fairly repre- 
sent P. R. R. practice, that is now being made the 
subject of further test, and we therefore can express 
no opinion on it. The plant was set up by the Frost 
company, and to their satisfaction, and certainly 
corresponded in all discoverable respects with their 
plant, as they have been manufacturing it for a 
year or two past, and furnishing it to railway com- 
panies generally, and for a c onsiderable number of 
cars on the Pennsylvania road. As certainly, the 
experimental plant did not correspond in some 
minor details, which may have important effect, with 
P. R. R. practice as developed on that road, and as 
exclusively practiced two years ago, and for the 
most part since. 

The disputed points of difference lie wholly in the 
arrangements for passage of the gases of combus- 
tion upward, which in the P. R. R. plant are quite 
free, but in the present plant, as constructed by the 
Railroad Lighting & Manufacturing Co., are con- 
siderably obstructed, with the double end of keeping 
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downward drafts from affecting the lamp and of 
throwing more»heat around the carbureter, so as to 
cause a freer vaporization of the g^aaoline. 

[In resuming the publication of this series of 
articles, the last of which was published in owriaan» 
of May 23, we mu»t, in justice to ourselves, state 
that the interruption in the publication has not 
been the fault of this journal. The tests described 
below on the Frost dry carbureter system were 
completed last April, and their description has been 
in type for many weeks. The Railroad Lighting 
& Manufacturing Co., the owners of the Frost 
dry carbureter system, requested us, in a letter dated 
May 5, to delay the publication of the tesjts until 
they could be supplemented with tests made on car- 
bureters attached to a car in service. The arrange^ 
ments for these service tests were soon thwarted* 
however, by the manufacturers, who insisted that 
their own engineer should take an active part in the 
conduct of the tests, a feature of which we could not 
approve, and which was not approved by one of the 
experts who was asked to conduct the tests. The 
Railroad Lighting & Manufacturing Co. has also 
refused to loan us apparatus for use in further tests 
proposed to be carried out at Stevens Institute La- 
boratory; and has withdrawn an invitation it had 
extended to have further experiments made at its 
own factory by Professor Denton of Stevens Insti- 
tute on behalf of this journal, as soon as the invita- 
tion was accepted. 

As our attempts to secure further experimental 
data concerning the carbureter system are thus 
thwarted, we feel under no obligation to put off any 
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longer the publication of the tests already madeii 
We take this opportunity to acknowledge the 
courtesy of the carbureter manufacturers in furnish- 
ing us information and affording us every facility 
for tests and experiments upon their system up to 
the time when arrangements were in progress for a 
service test, as narrated above. We greatly regret 
that they have seen fit to change this policy; and in 
order that we may do tbem no injustice we submit 
ted a proof both of the above statement and of the 
following article to them before publication, offler- 
ing to publish their criticisms or objections to any- 
thing therein contained. Their reply is given at the 
dose of this article.] 

THE FUNCTIONAL ACTION OP THE FROST DRY 
CARBURETER PLANT. 

To make clear to our readers the significance of 
the following experiments on the Frost dry carbu- 
reter system of lighting we will summarize briefly 
the essential features of the system, our previous ar- 
ticles having given a full description of the details. 

In the Frost system of lighting, a quantity of gaso- 
line is held in absorption by a mass of cotton wick- 
ing in the interior of a flat circular copper case called 
the carbureter. One of these is placed over each 
lamp on the roof of the car, as shown in Fig. 47. 
Quoting from the manufacturers' catalogue: 

In this system the light is produced by burning in the 
lamps a gas generated in the carbureters. The gas is 
simply air carrying a certain amount of gasniine vapor. 
The air is taken from the air-brake service. The gasoline 
is absorbed in wicking contained in the carbureters, and 
the otiject of the appliances is to bring these substances 
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together, vaporize the gasoline and thus produce the 
gas. 

The carbureter is a round flat box with a hole in the 
center and having within it a spiral chamber about 10 ft. 
long, which spiral chamber is fllled with cotton wicklng. 
The air inlet to the carbureter is near the center hole; 
the outlet is near the edge The air which is to pass into 
the carbureter U taken through a small copper pipe, 
which is bent in the form of a conical spiral end placed in 
the flue of the carbureter directly above the lamp. The 
object of this spiral coil is to heat the air before tt entaie 
the carbureter by the combustion from the lamp, and in 
this way to furnish the heat that ia necessary to vaporise 
the gasoline and generate the gas. 

As a further means of furnishing heat to the carbureter 
it is surrounded with an air space, which communi- 
cates with the inside of the car, so that warm air flrom 
the car constantly passes around the outside of the car- 
bureter and out through the ventilator. 

When the carbureters are freshly charged, or when 
the air is very warm, there is a possibility of carrying: too 
rich a gas down to the lamps; to obviate this difficulty a 
permanent cross connection is made between the ttfr 
inlet to and the out let from the carbureter. In thi9 OKMS. 
connection is a diaphragm with a very small hole, so that 
a small amount of air is taken across to the gasasitoomet 
out of the carbureter, diluting it a little, and thus ive« 
venting any possibility of too rich or smoky a gas reach- 
ing the lamp. 

The apparatus described is that first developed by 
the company, shown in Fig. 43. Since the above 
was published the manufacturers have substituted 
the lamp shown in Fl^ic. 44. have done away with the 
copper coil for heating the air supply, and have ob- 
structed the flue above the lamp so that a greater 
proportion of the heat from the lamp circulates 
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aruond tbe carbareter. The PeDnarlvanla It. R. 
have snbBtitated the lamp shown In Fig. 41 for the 
(rid BC;le, but etill retain tbe copper coll. and do not 
use the "deflector plate" seen juat above tbe words 
" Smoke BeU" in Fis;. 47. Thus, in the Pennayl- 




Fig, 43. " Excelsior " Lamp, Frost Carbureter System, 

as formerly used on the Pennsylvania R. R. 
T&nta 8;stetD only the warm air from the roof of the- 
cal circnlatee around the carbureter; while in the 
sjHtem now furnished by carbureter manufacturers 
S eoualderable proportion of the hot air from tbe 
lamp flame passes aiound the carbureter, and of 
couiM heats It more or leas. 



It li obvloas that this latter STstem la the one In 
which the general public is chieUy interested. The 
poiutson which itdeaires information relate to the 
plkntaait Dowia, not as it wua two years <WDM«a 




Present Form of Lamp, Frost Carbur 
System. 

ago, e))peciall; as the plant in its present shape is 
now In use on all the roads usin^ the system at all 
on any conilJerable scalo. except the Pennsylyanla 
lines, and is the only one now manufactured or sold 
except OD special order. 
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To what temperatare is the gasoline in the interior 
of the cxurbureter raised in the system of gasoline 
lighting now furnished by the Railroad Lighting 
& Manu^'acturing Co. ? The answer to this ques- 
tion is furnished by the accompanying Tables VII aud 
YIII, and the diagrams, Figs. 45 and 46. Table VII 
and Fig. 45 show the results of a test made by the Rai i- 
road Lighting & Manufacturing Co. at their factory 
in Philadelphia on Feb. 17, 1891, and reported by them 
to this journal. Table VIII., and Fig. 40 show the 
results of a test made by Mr. W. B. D. Penniman at 
the same place on April 13, 1891, the plant being set 
up by the manufacturers, and the test conducted to 
their sat sf action. Fig. 47 shows the position of the 
thermometers used in the tests. 

The important facts which the above tests brought 
to light are, first, that the gasoline in some portions 
of the interior of the carbureter was heated to the 
boiling paint; and, second, that for hours together 
no air was used at all, the gas supplied to the 
carbureter consisting of pure gasoline steam. 

Is the working of the system in service the same, 
practically, as in the above recorded tests? If so 
then its working is totally different from that liere- 
cofore published and generally accepted. Instead 
of the carbureter being a chamber through which 
air passes, taking in up its passage a certain percent 
age of gasoline vapor, it is (at certaiii times at least 
an externally heated boiler in which gasoline is 
evaporated at a temperature of 119" Fahr. and a 
presaore of 3 lbs. per. sq. in. above atmospheric. 

We greatly regret that no tests corresjionding to 
those above have been made on a carbureter in place 



TableVII.— Tevpbratukeb IK Dborees Faha. in and 

ABOUT tHU (JARBUKSTEH DUHTNQ A tSEVKN-BOOB I'BBI 

IRecard of a. test mode by the Railroad LlKhtine & 
UBDulEicturlDB Co. at tnoirtaclDir la Pblladelpbli, [*&. 
Feb. 17, isgi. From thU table tbe diagrom in Fls-M 
was constructed. ] 

N. B.— Tbo tHi'lt1oDottheexi>eiiDieDtaloaibareta«,as 

shown in Fig, 18, and elBewbere desorlbad. Is — ' 

fullT noted. It in diaptUed wbether this tea 
BDfficieDtl; well tbe oondltions ot pntotloe. 
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Aboat6 7. M. the wlndowe below and above tbe lampe 
nere opeD. probably cuuelne the coDiiensu\ioD round in 

DQted. The delivery from reEuVator waa at .8 lb, 
preaaure. Tbe air snpplj- iBtorSlampa and carbnrotcre, 
which were buminKtoKelher, The air supply shown on 
the diagram (Fig. IS) Is for one carbureter only, or I-S ol 
th&t given In the above table. 
T«BLB VIII.-Tkbtop 

CARBUR^TERa. AND 
AlRSUPPLY.THROUllllDl-l'AOBljBll.l.ANun.l.njuicrHBK. 

ITe't made by W. B. D. Penniuan, April 13. 1881. on the 
eip^mantal plant in the taetory ol the Railroad Ughting 
& Manufacturli^ECa] 

N. B.— All supply given In this table is for one ear- 
bnrater; in Table Til. for fii 
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on a car; and that the manufacturers, as noted above, 
have taken what seems to us the mistaken position 
that they will furnish no facilities for tests of this 
or any other feature of the carbureter plant by dis- 
interested parties. This being the case, however, we 
can only lay before our readers the facts concerning 
the tests above recorded, leaving them to judge for 
themselves whether the posit ion in which the car- 
bureters were placed during the tests above reported 
was such as to heat the carbureters above what 
would frequently occur when they were in place on 
a ear. 

Fig. 48 is a cross-section of the large factory room 
in which the carbureters were placed. They were 
supported on two wooden scantlings, 3 x 4>^ ins. in 
size, running lengthwise of the factory and sus- 
pended by rods from the ceiling. The carbureters 
were placed about 5 ft. apart on these scantlings. 

The carbureter manufacturers objected to the 
publication of these tests, as already stated, giviQg 
their reasons as follows, in a letter dated May 5 : 

The record was not gathered with a view of publisliiilg 
the same, as the results were obtained in a closed room 
heated by steam, with the carbureters placed in a position 
in which they could not, under any circumstances, be 
placed in a car. It was only a factory or laboratorv test 
made for certain information which we were desirous Of 
obtaining, but not in any sense representing ihe condition 
of the system in actual service. 

It is certainly true that the carbureter was not in 
the same position as on a car ; but it is by no means 
certain that the position in which it was placed 
tended to heat it more than or as much as, it would 
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be heated in service. Fig. 47 shows the position of 
a carbureter on the roof of a car. It will be seen 
that the outside air and wind have no contact with 
the carbureter, but touch only the non-conduct- 
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Fig. 48. Sketch of General Arrangement of Expe'i- 
mental Plant In the Factory of the Railroad Lighting 
&. Manufacturing Co., with which the Records of 
Figs. 45 and 46 were Deternnined. 



ing exterior mantle, and through that tend to chill 
only the top and side air passages, which Figs. 45 
and 46 show to have in any case a moderate tempera- 
ture, 1 he heat being greatest under the carbureter 
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where the exterior air has no chance to have a cool- 
ing effect. Again, the interior of the clere story of 
a car is likely to be hotter than 75°-77° (which was 
the temperature of the room in which the tests 
recorded in Table VII were made), rather than 
cooler, in either winter or summer, in ordinary 
service. 

The scantlings on which the carbureters stood can- 
not have collected nearly as much heated air beneath 
the carbureters as would the roof of a car. They 
were placed midway of the height of a large, open 
factory (see Fig. 48), on which the heat of combustion 
would have no sensible effect; and the thermometer 
record (therm. No. 10) shows that the lamp did not 
in fact have any sensible effect in increasing the 
surrounding temperature. 

As we have already stated, the temperature of the 
carbureter will depend largely on the amount of 
heat from the lamp which circulates around it. Figs. 
44 and 47 show the arrangement of air passages in 
the carbureters and lamps used in the above tests* 
It will be seen that the direct passage of air up the 
central flue is cut off by a plate or partition in the 
smokebell, through which are 14 holes % in. in dia< 
meter. The total area for the passage of hot air up 
' the central flue is therefore 4.30 sq. ins. On 
some of the lamps in use a " damper^ is 
provided, by which even these 14 holes can be all but 
closed, leaving only an 0-shaped opening % in. high 
at the side of each hole, or only about 0.48 sq. in. In 
all, or about 1-10 of the full opening. When this 
damper is closed, therefore, nearly all the gases of 
combustion are compelled to circulate around the 
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carbureter by entering through the annular opening 
at the side of the smokebell. 

Now, neither in the tests made by Mr. Penniman 
nor in those made by the manufacturers themselves 
reported above, were the dampers attached or in 
use. It seems thus plain enough that on cars having 
the damper a larger proportion of the products of 
combustion from the lamp may be circulated around 
the carbureter than was the case in the above re- 
ported tests. 

In justice to the Pennsylvania R. R. Co. we 
should state that the description just given does not 
apply to the lamp and carbureter now in use on their 
lines. Such of the new-style inverted lamps as are 
in use on the Pennsylvania lines have no damper; 
and orders have been issued to remove the perfor- 
ated plate in the smokebell entirely, leaving a free 
passage for the hot products of combustion up the 
central flue, obstructed only by the cone and heating 
coil shown in Fig. 43. 

But the fa<;ts brought out in the above experi- 
ments are not the only ones which have developed 
tending to show that the method of operation of 
this system of lighting may at times be entirely 
different from what has been generally supposed. 

At^our request the manufacturers some months 
ago made experiments on the standard by-pass. To 
make clear the significance of the results obtained 
a brief explanation of the by-pass is necessary. 

The accompanying sketch (Fig. 49) shows a half- 
section of the carbui'eter through the air passages. 
According to the heretofore announced and accepted 
theory of the plant, air enters at the "air inlet," 



passes along the spiral passagewaf 42^ft.iii leniiitbr 
and flo ally escapes at the "Ran outlet" chai^dwlth 
acoDsiderable perceotage of gaaoliiie vapor. Bat as 
It issues from tbe gas outlet It Bometimea has too 
large a percentage ot gasoline vapor, so a pipe is led 
from the "air inlet "to the "gas outlet," and a Ter^ 
small hole or "by-pass" ia bored through a dia- 
phragm in the end of this pipe. The capacity of this 
Is claimed to be such that only about 10% of tfaa 
total air supply passes through It. 




This is tbe theory; let us examine it a little. Thtt 
air enters tbe pipe Ptrom the deck air pipe at 3 lbs. 
pressure. 

By many different experiments the volume at 
mixed air and gasoline vapor consumed by the lamjt 
has been determined to be D to 8cu. ft. per hour. In 
order to reach tbe pipe L leading to the lamp, tha 
air supply may either pass through the by-pass ori- 
fice or through tbe carbureter. It is claimed to pasa 
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through both. Evidently the Tolume which will 
pass through either will depend on the resistance 
which it offers. 

At our request the manufacturers made tests on 
the capacity of the standard by-pass to transmit air 
at various pressures. It was found that 78 cu. ft. of 
air per hour was passed at 3 lbs. pressure and 47 cu. 
ft. per hour und^r 1 lb. pressure. 

These two quantities are in almost exactly the 

ratio which theory calls for, of ^~i to ^ 3, or of 1.00 
to 1.732 ; and if we assume that the discharges 
through the by-paas will continue to vary as the 
square root of the head, as theory requires and as 
we may justly infer, we shall have the following 
discharges of air through the by-pass under various 
pressures : 

^ — Pressur** in n ^DiBcharge in cubic-^ 

Ounces or Inches of Ratio of air feet air per hour — 

pounds. water, discharged. Observed. Computed. 
Va, oz. 0.43 0.1250 5.87 



1 oz. 1.74 0.2500 

4 oz. = >4 lb. 6.95 0.5000 

lib. 27.8 1.0000 47 

2 lbs. 55 6 1.4142 

8 lbs. 83.3 1.7321 78 



11.75 
23.50 

47.00 

66.47 

81.40 

So much for the capacity of the by-pass. Now, how 
much air will pass through the charged carbureter 
at these pressures? On this point, unfortunately, 
experimental data are wanting. As stated above, 
we endeavored to have tests made on this point by 
Prof. Denton, but our efforts were thwarted by the 
refusal of the manufacturers to loan a carbureter 
for use in the test. This being the rase, we can only 
present the facts which show that there is very con- 
siderable resistance to the passage of air through 
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the carbureter and leave our readers to judge for 
themselves how great this resistance is. 

The spiral passageway through the carbureter is 
about 60 ft. in length in the new square form of 
carbureter, and is filled with wicking as solidly as 
it can be drawn in. The wicking is then saturated 
with gasoline. The total interior volume of the car- 
bureter is 2,413 cu. ins. The maximum charge of 
gasoline is about 5 galls., or 1,155 cu. ins. About 
19 lbs. of cotton wicking is used in each carbureter, 
and this is drawn in fiat strips across the spiral pas- 
sageway at intervals of }4 iii* for the whole length 
of 60 ft. It seems certain that this must cause great 
resistance to the passage of air through the carbu- 
reter. 

The makers of the carbureters have stated that a 
person with strong lungs can occasionally blow 
through a dry carbureter. Whether this could be 
done when the carbureter was charged we do not 
know. A strong man can exert about 3 lbs. pressure 
with his lungs. 

But referring to the above table it will be seen 
that all the air which the lamp uses, from 1>^ to 5 
cu. ft. per hour, will pass through the by -pass alone 
with a pressure of much less than }i oz., or less than 
one -third of an inch water pressure. Thus, if only 
10% of the air supply is to pass through the by-pass, 
as the manufacturers claim, the resistance to the 
passage of air through the carbureter must be ex- 
ceedingly small. The evidence tending to show that 
this resistance is not small we havQ already given. 

But if the air does not pass through the carbureter 
or passes through only in small quantity, how does 
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the gasoline vapor reach the lamp? The results of the 
experiments reported in the tabies and diagrams 
above enable an answer to this question to be made 
with a considerable degree of certainty. 

In any carbureter, before the lamps are lighted, 
the voids of the interior are filled with air at 3 lbs. 
pressure, at a temperature of TO** to 80^ F., which 
becomes richly charged with gasoline. The gas- 
oline, being very volatile, will charge the air in the 
deck pipe as well as in the carbureter, for it is to be 
always remembered that gasoline is not a simple 
fluid like water, every atom of which has a common 
boiling point, but a compound fluid, some parts 
of which have a lower and others a higher boiling 
point than the mean; besides which, gasoline, like 
water (only with far greater ease), vaporizes or 
evaporates at temperatures far below the boiling 
point. It is the most volatile of liquids with the ex- 
ception of ether, carbon bisulphide, bromine and one 
or two rare chemicals. 

Opening the needle valve insures a sufficient supply 
of gas to light the lamps and bum a few minutes by 
mere expansion. It will also be seen shortly that 
there will probably be some little condensed fluid 
gasoline in the air pipes to carburate the air. After 
lighting, the temperature of the central flue rapidly 
rises (see line 6, Figs. 45, 46) to 150'-200\ The tem- 
perature under the carbureter also (line 3, Fig. 45, 
lines 1, 4, Fig. 46) rises rapidly to nearly the same 
point near the center, rising at the top and sides 
lines 4, 5) much less rapidly. 

The carbureter absorbs heat from the current of 
warm air which circulates around it, and the gaso- 
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line inside is vaporized and flows out of both the 
** air inlet" and the "gas outlet" and thence down 
to the lamp, together with such air as is needed to 
make up any deficiency in volume. 

To appreciate how small an amount of heat is 
needed to vaporize all the gasoline which the lamp 
burns, we must remember in the first place that 
^irasoline is very ' easily vaporized or condensed, the 
heat absorbed in vaporization or given off in con- 
densation, being only about one-quarter as much as 
in the case of water, or 250' to 300° F. On the other 
hand, gasoline is a somewhat better fuel than coa]» 
being able, pound for pound, to evaporate at least a 
third more water. Now, the theoretical evaporation 
of good coal is about 15 lbs. of water per pound of 
coal = about 60 Ib^. of gasoline per pound of coal = 
perhaps 80 lbs. of gasoline evaporated per pound of 
gasoline burned. Therefore only 1% to 2% of the heat 
generated by the flame of the lamp needs to enter the 
carbureter to keep the lamp continuously supplied 
with the vapor of gasoline, the amount of heat thus 
absorbed being the same whether the gasoline b& 
merely vaporized or heated to the boiling tempera* 
ture. To make the case still more plain, the amount 
of (gasoline burned per hour being about 6 fluid oz.or 
4oz. avoir., the amount of heat required to vaporiaee 
it is but little more than would be needed to convert 
into steam 1 oz. per hour of water, or ^ of a pint. 

Evidently this is a very small amount of heat; 
and if even a small part of the heat from the lamp 
is circulated around the carbureter, it may certainly 
be expected that the gasoline vapor will be gener- 
ated faster than the lamp bums it. 
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But when this occurs— when the heat which the 
carbureter absorbs per hour, either from the lamp or 
from the warm air in top of the car, is greater than 
that needed to evaporate one-sixteenth of a pint of 
water— then the surplus of gasoline vapor will push 
its way back into the air pipe on the roof of the car. 
There are 8 to 10 ft. per carbureter of this air pipe, 
made of thin copper, 14 i^* ii^ diameter, and exposed 
to the outside air. Under ordinary circumstances 
this forms an efficient condenser, and in it the gaso 
line vapor collects in a fluid form. This actually oc. 
curred in the experiments above described. (See 
Table VII.) 

But with a hot summer sun shining on the car 
roof, the copper deck pipe will be a very poor con- 
denser, and the heat of the surplus gasoline vapor- 
ized will be greater. Hence there will be no resource 
for the gasoline steam in summer except to 
raise the pressure, open the (5 lb.) safety valve and 
blow through ; and if the reasoning so far has been 
correct, this must take place. It does take place. 
A considerable loss of gasoline in summer has been 
observed — just how much we have not been able to 
ascertain, but enough to lead to experimental efforts 
to use a heavier oil in summer. It has been ascribed 
to the direct effect of the sun's heat, and may be in 
part due to this, but it is more likely to be chiefly 
due to the cause just suggested. 

There are other observed facts, too, which prove 
the correctness of the explanation of the working of 
the carbureter system. We will take space to note 
a few. 

In each of the tests reported in Tables VII and 
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through the gasoline being evaporated faster than 
it was used by the lamp. In another test made by 
Mr. Penniman, at Baltimore, in which the plant 
was set up by the inventor of the carbureter system, 
the amount of air consumed per hour fell as low as 
3^ cu. ft. 

Again, in this test II oz. of gasoline, or ^^ the 
total amount used, was blown off at the safety 
valve. In the test made by the carbureter manu- 
facturers the air pipe was cool enough to act as a 
condenser (see Table VII), and about a quart of 
gasoline collected in it. This fact alone disposes of 
the manufacturers' objections that the room in 
which this test was made was too hot to make the 
test a fair one. 

Still another fact having a bearing on this ques- 
tion was developed in a test of the endurance of the 
carbureter with different forms of lamp, made by 
Mr. John D. Bowman, Assistanc Mechanical En- 
gineer, Pennsylvania R. R. The details of the test 
are given in Table VI. Mr. Bowman says : 

With the Excelsior burner it takes from 20 to30 minutes 
in lighting the lamp in a cold car, with the carbureter 
nearly exhausted, before the carbureter is Bufflciently 
warmed to raise the flame to its normal burning height; 
when the car is warmed up to about 70° F. and ready for 
occupancy by passengers, the carbureter will be suf- 
ficiently warmed in about 10 minutes with a freshly 
charged carbureter. However, the flame as soon as lighted 
can be turned to its normal height, but in 3 or 4 minutes 
should be turned down a little to prevent smoking. 

In lighting up the lamps in a car the flame is at first 
only turned from V^ in. to 94 in. high, and then as the 
carbiu'eiers become warmed up they creep up to about 
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19i ine. or 2 ios., which is the proper height, without 
farther attention from the trainmen . 

With the inverted burner, however, we have observe^ 
that the flame when first lighted can be turned at once to 
its normal burning height (just covering the perforated 
flame plate). Its tendency is, as the carbureter becomes 
warmed, to grow whiter rather than to creep up; this is 
due, we think, to the regenerative principle upon which 
this burner is constructed. 

The explanation of this is that the Excelsior lamp, 
shown in Fig. 43, heats the carbureter much less 
than the present inverted type of lamp, Fig. 44, as 
already explained. Hence there is more condensa- 
tion in the air pipes with the inverted lamp, and the 
air which passes to the lamp when it is first lighted 
is more highly charged with gasoline vapor. 

We greatly regret that the manufacturers of the 
carbureter system have seen fit to withdraw from 
their promise to furnish us all necessary facilities for 
making a complete investigation of their system of* 
lighting, thereby blocking the further experiments 
which had been arranged for. This being the case, 
however, we have had no choice but to lay the re- 
sults thus far obtained before our readers, pointing 
out as plainly as possible their significance pnd im- 
portance. We have briefly summed up the matter 
in our editorial columns. 

Note,— As there has been some conflicting evidence 
in previous articles of this series concerning the 
length of time which a carbureter will furnish gas 
with one filling, a test of this question was made 
under the immediate charge of Mr. John D. Bow- 
man, Assistant Mechanical Engineer, Pennsylvania 
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B. R. The present writer examined the car during 
this test, and can testify that the whole interior was 
brilliantly illuminated, though what the actual 
candle power was it would be impossible to guess, 
and it was not determined. It will be seen, 
however, that one of the lamps was of the 
present form (perhaps with somewhat smaller 
passages) and yet gave somewhat more hours 
of service then the old Excelsior lamp, viz.: 
124 hours against 104, whereas the lamp as 
tested by Mr. Penniman gave only 42 hours* light. 
There may have been some difference of charging, 
but allowing 3 galls, to have been burned out in one 
case and 2 galls, in the other there is the contrast of 
only 20 hours of I'ght per gallon against 40 hours. On 
the other hand, other Pennsylvania records show 
** a quart per hour" for 6 lamps, or 24 hours' service 
per gallon; but after making all allowances, the con- 
trast indicates that there is a real diflFerence of fun<f- 
tion, the original Pennsylvania plant burning the 
oil less rapidly, giving less light and not heating the 
carbureter so hot. We may note also that a large 
variety of inverted burners are offered by the car- 
bureter manufacturers, and are claimed to give dif- 
ferent amounts of light. A correction should also 
be made for the gasoline lost by blowing off in the 
photometric tests, reported in our issue of April 25. 

LETTER FROM THE MANUFACTURERS OF THE FROST 
CARBURKTER SYSTEM. 

Philadelphia, Pa., July 27, 1891. 
Enginkering News, Tribune Building, New York City: 
Gentlemen: Replying to yours of 2l8t inst. We have 
read the proofs submitted and regret your decision to 
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publish with such haste the articles, and are astonished 
to learn that you are not willing to wait until the prac- 
tical rests are made in service. It is intended that thia 
shall be done as soon as practicable, and we think you 
are making a great mistake in anticipating the same by 
publishing the crude information with which you have 
been furnished from laboratory tests. 

We desire to place ourselves on record as oblecting to 
your articles, and when the time comes will answer them 
in the proper way. Actual experience of cars in servioe 
for years past does not sustain the serious defects your 
articles would convey to your readers. 

Again regretting that you have seen fit to use such 
haste in this matter, without being properly informed on 
the subject, we remain, yours very truly, 

The Railroad Lighting and Manufacturing Co. 



The Pintscli Compressed Oil Gas System. 

The Pintsch oil gas system of car lighting uses a 
¥ich gas made from crude petroleum as the ilium- 
inant. The gas is made at central stations and com- 
pressed in receivers, from which it is piped into cyU 
indrical steel tanks placed underneath the car* 
From these it is drawn as needed for use in the car 
lamps. The principal elements of the system are as 
follows: 

1. A fixed gas plant for generating the gas, of the 
same general nature as any other gas works, but 
using crude petroleum instead of coal as the source 
of the gas. This is done for the double reason that 
the oil gas is much richer in illuminating properties 
than coal gas, and does not lose so much of its illu- 
minating power by compression. 

2. A compressor which forces the gas after it is 
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generated into storage tanks or receivers at a press- 
ure of 150 lbs. per sq. in. or more. 

3. A system of fixed pipes for conveying the com- 
pressed gas from the storage tanks to various points 
about the yard convenient for supplying gas to cars ; 
or, in lieu thereof, large tank cars by which the gas 
can be transported in quantities sufficient for 5 to 10 
days* supply to points distant from the gas works. 

4. One or more steel tanks beneath each car, for 
holding a supply of compressed gas, sufficient for 
two to six days' bumins:. 

5. A " regulator " or reducing valve in immediate 
connection with the car tanks, by which the gas is 
reduced to the constant and very low pressure (^ 
in. to 1 in. of water) which is required for burning 
gas to advantage, and this under all conditions of 
varying tank pressure, temperatures, dust and dirt 
in the air, concussions of service, etc. 

6. An ordinary system of gas-piping and burners, 
modified only in this respect— that to make such a 
rich gas bum to the best advantage it is necessary 
to burn it on the regenerative principle, i, e., heat it 
before burning. We will briefly describe the con- 
struction of each of these parts of the plant. 

THE GAS MAKING AND STORING PLANT. 

A very good descriotion of this, as established at 
Glasgow, Scotland, to supply the Caledonian Ry., is 
given in a recent paper read before the Institution 
of Civil Engineers by Gilbert MacintyrbHuntbb, 
Asseo. M. Inst. C. E. We quote from it as follows : 

The retorts (Flgrs. 50, 51 and 52) are D-shaped cast iron 
tubes, 5 ft. 10 ins. long and 10 ins. wide, placed one above 
another, the lower one resting its whole length upon a 
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firebrick sole. The flame from the furnace passes round 
both sides of the lower tube, over the top, and there en- 
gages with the upper tube, finally reaching the flue or 
combustion chamber. Thus the flame plays direc*ly upon 
aU parts of the tubes, not unduly heating some parts and 
others partially. The flues are built of ordinary fire- 
bricks. Both ends of the tubes are fitted with mouth- 
pieces or covers, admitting of tborough cleaning. 

The oil is pumped from barrels into a 15-gall. cistern on 
the top of the retort bench, which thus maintains a 
constant head and a steady fiow. It enters the upper 
retort. Fig. 51, in a thin continuous stream from a microm- 
eter cock, through a Fiphon pipe, and falls upon an iron 
tray on the bottom of the reto»*t. This prevents the cold 
stream of oil coming in direct contact with the hot retort 
and thus reducing its temperature. Here it is partially 
vaporized, and, passing through the tube, descends to the 
lower tube, where it encounters a higher temperature, 
rendering it permanent or * 'fixed." The object of this is 
to insure that every portion of the vaporized oil shall be 
acted upon by the highest temperature, without undue 
exposure to the heated surface of the retort. As the gas 
leaves the retort it is largely mixed with tarry and other 
vapors, which give it the appearance of smoke of a more 
or less dense nature, in proportion to the quantity of such 
matters present. 

[The author then describes the process of purifying the 
gas, consisting first in separating the tar by passing the 
gas in thin streams through water, and then removing 
sulphur compounds and carbonic acid by passing It 
through slaked lime and sawdust spread 2 ins. deep in 
perforated plates.] 

At night the main valve is shut, the dampers are closed 
and the covers over the tar pit are removed, to allow the 
gas in the pipe to escape; the manhole covers are also 
removed and the tar and pitchy matter drawn off. The 
mouthpieces are next taken off, the retorts cleaned out% 
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and the covers replaced; the fires are drawn, and after* 
ward banked for next morniag. The fires are kindled with 
coal and dross; thereafter they are whoUy maintained 
with coke, which gives much better results than coaL 
After they have been kindled for about an hour and a 
half the oil is turned on. The proper heat has not been 
obtained yet; but> owing to the de mands on the work, 
longer time cannot be spared, so that the yield of gas per 
gallon of oil is comparatively small for the first hour or so. 
When the retorts are irregularly heated there is a large 
increase in the quantity of tar; while, if they are over- 
heated, the distillation is attended with a separation of 
carbon in the form of soot, and if insufficiently there is 
deposited in the retort a carbonaceous substance resemb- 
ing cloke, in additiop to an abundant production of tar. 
The best temperature is a bright cherry red heat, verging 
on white; then there is only a small quantity of carbon or 
soot. 

A high illuminating gas can be produced when the 
yield is small, and conversely, with a high quantitative 
yield, the light-giving qualities of the gas will be dimin- 
ished. A fairly good yield, which can be obtained in 
every -day practice, is 70 to 85 cu. ft. per gall, of 50 to 
60 c. p. gas. Mr. J. B. MacArthur has shown that 
a yield of 120 cu. ft. per gall, was only equal to 40 
candles, and that; when the yield reached 158 cu. ft. the 
candle power was only from 20 to 25. 

No. 1 bench was worked continuously for 14 weeks in 
the winter of 1887-8, during which time 8,294 galls, of oil 
were distilled, producing an average of 80.76 cu. ft. per 
gall. During the year 1886 the average yield was 72 cu. 
ft. of gas per gall, of oil; and in 1887 this was raised to 
81.22 cu. ft. Approximately it takes about 5 tons of 
coke, 4Vii tons of dross and 10 cwt. of coal to make 100,000 
cu. ft. of gas, or about 0.22 lbs. of fuel per cu. ft. The 
cost of making the gas, Including oil, fuel, wages, repairs, 
etc. , is 6s. 7.24d. (|1.58) per 1,000 cu. ft. 
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In another paper read before the Institution of 
Civil Engineers recently, Mr. Arthur Atres de- 
scribed the gas works on the Pintsch system erected 
by the Trinity House Corporation at Blackwall, Eng- 
land, for the supply of buoys and beacons. He states 
that in operating the plant there should be a water 
pressure of 5 or 6 ins. in. the retorts, gradually di- 
minishing to about IX iAS> in the holder. The gas is 
made at the rate of about 210 cu. ft. per hour per pair 
of retorts. The quality of the gas depends more on 
the temperature at which it is distilled than upon 
the quality of the oil. The gas shows from 40 to 50 
c. p. when burned in a London standard Argand 
burner with a consumption of 5 cu. ft. per hour at a 
water pressure of 0.5 in. The quantity of gas pro- 
duced from one gallon of oil is 70 to 90 cu. ft. The^ 
price varies from about 5s. 6d. to 16s. (^.32 to f3.8l> 
per 1,000 cu. ft. Where the demand is great, the 
cost of production is correspondingly low. 

From Mr. A yres* paper we condense the following 
table, giving particulars of the Pintsch Gas Worki^ 
on several British railways : 




1% 



^ ^ *. a5 *-4S Yield p. 

Name Cost om oX retort p. 

of of 6 o d ° hour. 

Company. works. ^,^ ^ g cu. ft. 

Caledonian... (19,420 1 8 480 to 600 81.17 

Metropolitan 38,800 .2 16 150 to 175 77.00 

Midland 20,127 1 6 • 74J* 

Glasgow Sc S. 

Western.... 16,975 — 5 70,25 

London &; S. 

Western.... 30,264 2 20 507 8LQQ 

Great East'n. 33.465 1 12 134.5 7100 
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N't est p. 1.000 c. f. 
^ -> .^ 

Adding 

Annual Exclu- inter- Gas con- 

output, sive of est and sumed per 
Name thous interest deprecia- No. of burner 

of ands of and re- tion at cars per hour. 
Company:, cu. ft. pairs. 10^ equipped, cu.ft. 

Caledonian... 1,892 %\M 92.61 6^ 0.71 

Metropolitan 8,500 1.44 1.89 310 1.035 

Midland 3,948 1.68 2.19 182 75 

Glasgow &; ti. 

Western.... 1,316 1.57 1.69 440 

London & S. 

Western.... 2,697 1.37 2.83 890 0.70 

Great East'n. 3.460 1.48 2.44 611 0.75 

Note.— TJi^ gas .is measured for the purposes of the 
abore'table as it passes into the holder, before compres. 
Blon. The quantity of gas available for lighting is prob- 
ably 10^ less. 

»■' ■ I — .■ — ■ 1^ ■ ■ ■ ■■■■■■ ■■■--■,.. 11^ 

The loss of candle-power of oil gas made from crude 
petroleum when compressed was found to be as fol- 
lows in experiments made some years ago by Julius 
Pintsch: 

5 atmospheres 2.4% 

10 " 7.4% 

16 " 16.3^ 

ao " 21.5% 

In compressing the gas for use on cars at the 
Gtosgow works, as described by Mr. Hunter, a 
ccHtnpound compressor is used and the gas is com- 
pressed to about 60 lbs. in the first cylinder and 
150 to 180 lbs. in the second cylinder. The compress- 
teg cylinders are kept cool by a Jet of water running 
around them. In going from the gasholder tn the 
^ttipressing pumps the gas passes throiigh a freez- 
ing cylinder which converts to ice any moisture 
which the gas may have taken up in passing 
trough the washer and holder. It also economizes 
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« 

the power necessary for compression and i educes 
the heat of the pump cylinders. 

The compre'ised gas is stored in steel tanks of any 
convenient size. Pipes lead from the bottom of each 
to a receiving drum to draw off the liquefied hydro- 
carbon, which collects in the bottom atiberateof 
about 1 gall, for each 1,000 cu. ft. of gas. Mr. Hun- 
TER says : 

Od an average the gas loses about 5 c. p. by compressioii 
and deposit of the hydro-carbon. The hydro-carbon gives 
off an inflammable vapor at a temperature of less than 
45° Fahr. It is, accordingly, rather a dangerous sub- 
stance to work with, and is generally drawn off from the 
drum in lo smaller ones for transmission to manufacturing 
chemists on a dull, moist day. 

The process, as above described, is substantially 
that used iii this country in the manufacture of 
Pintsch gas. The compressors used however, are 
not compounded. The accompanying engraving^ 
Fig. 53, is reproduced from a photograph of the com- 
pressor at the Pintsch gas works in Boston. 

The following are official figures from a gas-worka 
on one of the leading railways using the Pintsch 
system in this country. Bet.ween July 1, 1890, and 
Jan. 31, 1891, this works made 1,483,782 cu. ft. of gas 
at an average total cost per 1,000 ft. when placed in 
the car tanks of $4,206. This was divided as follows: 

Labor on woiks. '. $.94 

Labor, car filling 452 

Supplies and repairs .* 62d 

Coal 418 

Oil i.ao7 

Net total 13.646 

Interest on investment 56 

14.206 
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The total items of expense for this six months' run 
were as follows: 

146.07 rons egg coal $436.76 

91.00 tons pea coal 183.02 

^__ $619 78 

32,762 galls, oil $l,79l.'39 

Labor at works 1,391.88 

Labor, car filling 670.62 

Repairs, etc 565.49 

Incidentals 367.03 



Net cost $5,409.19 

Interest on total cost of works ($24,285), 
$118.81 per month 831.67 



Total cost i $6,240.86 



Total en. ft. furnished cars 1,483,782 

Average cost per 1,000 cu. ft $4,206 

Total number of cars supplied (all classes) 11,806 

Average cu. ft. per car 126 

Average cost per car 53cts. 

Cost per day (24 hours) Based on Average of 9,489 cu. ft, 
furnished cars for month of Jamuiryt 1891. 

Labor in gas works $8.87 

Labor of car fillers 4.645 

Coal, -2,045 lbs egg \ ^ ,« 

Coal, 1,590 lbs. pea \ *•" 

Crude oil, 224 galls 11.21 

Supplies and incidentals 3.885 

Repairs 6.185 



Net cost $36,915 

Interest on cost of plant — 3.8325 

Total cost 40.750 



Net cost per 1,000 cu. f t $3.89 

Total cost per 1. 000 cu. ft 4.295 

Lbs. coal per 1.000 cu. ft., 383; cost 0.430H 

Galls, oil per 1,000 cu. ft., 23 6-10; cost....; 1.18 

It thus appears that the average production is 
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about 45 cu. ft. of gas per gall, of oil, a much small- 
er result than is obtained abroad. This is partially 
explained by the fact that the gas in the English re- 
ports is measured before compression, while the 
American figures are for the gas delivered in the 
car tanks. Mr. Ayres estimates a loss of about 10% 
by the condensation which takes place on compres- 
sion, and by leakage. 

In addition to this, it is stated that the crude pe- 
troleum used in American practice is a thinner and 
lighter oil than that distilled from shale, which is 
commonly used in England, or the Russian petro- 
leum used in Germany. The interest on the cost of 
the works in the above case is excessive from the 
fact that the building is designed for 8 benches of 
retorts, whereas only 4 benches are in place, and 
only 3 of them are working. But even these consid- 
erations do not wholly account for the very small 
yield of gas per gallon of oil, and it is believed that 
the oil is fed too rapidly to the retorts, so that a con- 
siderable percentage is vaporized and passes over 
without being converted to a fixed gas, and is there- 
fore condensed and carried off with the tar. In 
English practice the quantity of tar per 1,000 cu. ft. 
is 4 or 5 gallons, increasing largely when iAke 
retorts are underheated, or when the oil is fed too 
fast. When the tar contains oil it is thin and flows 
freely, and a drop on a piece of white paper produces 
a transparent, greasy border around the tar. 

A Pintsch gas-works in the same city as the plant 
for which the above figures are given, but operated 
by another railway company, showed the following 
record in three months of the current year : 
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Cost of Compressed Gas at Gas House, Including 
THE Cost of Renewals, Repairs. Car Filling, etc. 









Coat per 


Month, 1891. 


Quantity. 


Total cost. 


1,000 ft. 


February 


352,000 cu. ft. 


1643.99 


$1.83 


March 


342.000 '* 


615.33 


1.80 


AprU 


. 318,600 " 


616.04 


2.03 



Averas:e cost of oil per gallon $0,011 

Average cost of coal per ton 3.55 

This does not include interest on the cost of 
plant. Taking this as 6% on $15,000, we have an ad- 
ditional item of expense of $75 per month. This 
would make the average total cost of gas per 1,000 
ft., including interest on plant, $2.10 for three 
months. 

This, as will be seen, is just half the cost at the 
works first described, and comparee very well with 
the records of the plants on English railways. 

The above two plants are operated by railway 
companies. The Safety Car Heating 8c Lighting Co. 
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Cu. ft. 


Jan. 65.4 


2t7 


797,713 


Feb. 6^ 


205 


68'<,823 


Mar. 69.4 


212 


718,628 


Apr. 64.1 


176 


593.959 


May 61 3 


187 


607.59 < 


June 61.3 


185 


633,8(18 




8 

2.23 
2.88 
2.38 
3.04 
2.71 
2.66 



also operates several gas-works located at different 
railway centers. One of the largest of these is at 
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Mott Haven, supplying gas to cars of the New York 
Central & Hudson River, New York, New Haven & 
Hartford, Boston & Albany, New York & New Eng- 
land, and Wagner Pa lace Car Co. The foregoing table 
shows the details of cost of gas at these works 
during the first half of 1891. 

The average cost of gas per 1,000 cu. ft. in cars, in. 
eluding Interest, repairs, depreciation and charges of 
every nature, for the above six months, is ^.65. At 
this rate, gas burned in the 4-fiame Pintsch lamps, 
consuming 2}4 cu. ft. per hour, would cost $0.0066 
per lamp per hour ; or in a car equipped with five 
lamps the cost would be 3.3 cts. per hour. This, of 
course, is exclusive of interest on, or repairs and de- 
preciation of, car equipment, or attendance upon the 
plant on the cars. It should be said that the above 
figures include not only the cost of filling cars in the 
Mott Haven yards, but also the cost of transporting 
gas in tank cars to Grand Central Station and filling 
cars there, which we are informed increases the cost 
on the total amount of gas delivered from the Mott 
Haven works at least 10 per cent. 

The Safety Car Heating & Lighting Co. also 
state that, other things being equal, railway compa- 
nies can operate works owned by them from 10% to 
15% cheaper than a private corporation like the 
Pintsch Co., owing to cheaper transportation and 
the advantages due to buying roal oil and other 
supplies in large quantities and at better prices. 

The average yield of gas per gallon of oil is seen to 
be much higher than at the first works, for which 
figures were given above ; but it is considerably be- 
low English records, for reasons already stated. 
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We are also favored with some data of the Erie 
gas works at Jersey City, which supply 260 cars and 
6 ferry-boats. The works are located in a brick build- 
ing with 12-in. walls, 28 ft. 4 ins. x 38 ft. 6 ins., on a 
tract 30 x 115 ft. The cost of the building, with 
the tank for the gas holder, exclusive of contract, 
or's profit, was $4,100. The plant will make 24,000 
cu. ft. of oil gas per day, or enough for 500 cars. 
The total cost of machinery and fittings in the 
works was $11,100, f. o. b. New York City. Average 
daily consumption of gas per car in all kinds of ser- 
vice is taken as 50 cu. ft., the lamps being supposed 
to burn 4 hours at the rate of 12>^ cu. ft. per hour. 
Coal is burned at the rate o| about 100 lbs. per 1,000 
cu. ft. 

The following figures show the cost of operation 
of these works for two half-year periods, ending 
Jan. 1, 1888, and Jan. 1, 1889. 

Six Months, Ending Jan. 1. 1888 : Coal used, 383 
tons, cost, $594.31; oil used, 48,162 galls, cost, $902.63; 
gas made, 2,697,400 cu. ft.; cost per 1,000 ft. for coal, 
22 cts., for oil, 33 cts.— cu. ft. gas per gal. oil, 70.7. 
Average total cost of gas per 1,000 cu. ft., as follows: 
July, $1.75; August, ^1.77; September, $1.50; October, 
1.48; November, $1.33 ; December.$1.34. 

Six Months, Ending Jan, 1 1 1889: Coal used, 447 
tons, cost, $690.76; oil used,49,629 galls., cost, $1,90;^.- 
94 ; gas made. 3,430,000 cu. ft., cost per 1,000 ft., for 
coal, 20.1 cts.; for oil, 55.5 cts ; cu. ft. gas per gall, of 
oil, 69.1. Average total cost of gas per 1,000 cu. ft., 
as follows : July, $1.37 ; August, $1.28 ; September, 
$1.67 ; October, $1.44 ; November, $1.98; December, 
$1.65. 

In the above figures the measurements of gas were 
made as it passed through the meter before compres- 
sion. The additional cost of car filling is about 25 
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cts. per 1,000 ft.; while interest and depreciation, 
which are not included in the above, may be figured 
as 10% on S18,000, the total cost of the works. This 
would make an additional charge of $150 per month, 
or about 28 cts. per 1,000 for the average m(»ithly 
output of gas in the 1888 period, and 33 cts. per thou- 
sand for the 1887 period. It will be seen from the 
above that the Erie makes an ex'^ellent showing, the 
yield of gas per gallon of oil being higher than in 
any other American works reported. 

A piece of economy in the operation of Pintsch 
gasworks which has recently been undertaken is 
the utilization of the waste heat from the retort 
furnaces for raising steam to run the gas-com- 
pressor. It has been the custom heretofore to have 
a boiler entirely separate from the gas making 
plant to furnish steam for the compressor, and it 
requires nearly as much coal to run this as is used 
to heat the gas retorts. In the Pintsch gas works 
recently built at Savannah, a steam boiler has been 
set directly above the retort furnaces. An eztf« 
furnace without retorts is provided for use when 
the waste heat from the retorts does not make 
sufficient steam. It has not been in use lon£ 
enough to determine what economy is obtained; 

The question of danger in operating the gas WOtkB 
making and compressing Pintsch gas is one which 
has been much discussed. In the paper by Ml\ Hun- 
ter before the Institution of Civil Engineers we find 
only the following reference to irregular operation 
of the apparatus : 

While the oil is undergoing the process of distillation, 
there are several means of ascertaining if this is proceed- 
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ing continuously, and under the most advantafireous con- 
ditions. Supposing a given quantity of oil per hour is 
flowing into the retort, and a suitable temperature is 
maintained, a ginnce at the meter will show what quan- 
tity of gas is passing aod whether it is regular in volume. 
Should the latter be irregular, it indicates a stoppage, the 
location of which can be ascertained by reference to the 
pressure gages, whether in the tar-pits, condensers, 
washers or purifiers. At the same time the gas would 
**blow out " from the water safety-valve, alongside the 
main valve, and also at the siphon oil-pipe; while if any- 
thing goes wrong with the gasometer, the gage falls, and 
a blow out takes place. 

Mr. Ayres, in his paper before noted, alludes also 
to the necessity of keeping watch of the gages and 
stopping operations in case any of the pipes become 
choked. 

One of the members who took part in the discus- 
sion upon Mr. Ayres' paper was Mr. Joseph Tom- 
LINSON, Jr., who was a member of the committee 
appointed by the Society of Arts to adjudicate upon 
the best system of train lighting. The other mem- 
bers of the committee were Mylbs Fenton and Sir 
Frederick Abel, and as a result of their investi- 
gation the gold medal of the society was awarded 
to Julius Pintsch, of Berlin. Mr. Tomlinson said 
that it was not a good plan to place the oil cistern 
on top of the retort bench. In case of any slight 
stoppage, the pressure would raise the oil seal and 
might set fire to the vessel of oil. He therefore 
^aced the oU supply tank on the side of the wall, a 
considerable distance away, and led the oil to the 
retorts by a small pipe. 

Concerning the fibove Mr. Robert M, Dixon, En- 
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gineer of the Safety Car Heating and Lighting Ck>., 
furnishes us the following information : 

In the proof which you send referrinfi: to the question of 
danger, you quote trom Mr. Huntek. Our practice here 
does not accord with what he says. We use differential 
water gages connected with every part of the work, which 
indicate at once any slight stoppage. Of course we use 
the safety valve of which he speaks, but never allow the 
works to become in such a condition as to bring it into 
use. It is, however, frequently tt^sted by shutting down 
the main valve of the works, and compelling it to blow off. 
We make our siphon oil pipes to have such a seal that 
they cannot possibly blow out. If a gas works is properly 
run. and it is an easy thing to do, stopups never occur. 
1 have spent a great many days in works, and have never 
been present when there was a stop-up, nor do I know of 
a case where we have had one that caused a blow-out of 
any kind. The filling up of the pipes is very gradual, and 
the differential gages indicate the location of any con- 
struction. 

We have not placed our oil tanks over the benches for 
several years past, but have placed them on the side wall 
of the building. 

An accident occurred at the gas works of the 
Central Railroad of New Jersey in Jersey City last 
March, and exaggerated accounts were published in 
the newspapers at the time. The oil supply tank 
was placed on the wall and a ga^e glass was at- 
tached to it, indicating the height of the oil. This 
gage-glass was broken and the escaping oil caught 
fire. General Superintendent Olhausen informed 
us that the loss amounted to very little, and that 
the pipes were rearranged after the accident "in a 
way which will make it almost Impossible for an- 
other accident of this kind to occur." 
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The accompanying illustration. Fig. 54 (which 
may be of practical interest to many users of crude 
petroleum besides gas makers), shows the arrange- 
ment of the oil tank and connecting pipes which was 
adopted. The crude petroleum is stored in large 
tanks, usually located some distance from the works. 
The small tank from which the gas retorts are sup- 
plied is placed on brackets, bolted high up on the 
side of the wall. The tank is a closed cylindrical 
vessel, and the oil is forced up into it by a small 
pump, the large storage tanks being on a lower level 
than the supply tank. To guard against the possi- 
ble danger of the pump being left running when the 
tank is full and so bursting it, a pipe runs from the 
top of the tank through the wall to the outside of 
the building and connects to an open ventilator, and 
also to a pipe leading back to the storage tank. It 
is therefore impossible to put the supply tank under 
pressure, and if oil is pumped in faster than it is 
used, all the surplus runs back to the storage tanks. 

Attached to the small supply tank, in place of a 
glass gage, is a piece of 3-in. pipe, connected to the 
supply tank, and a float is placed within the pipe ; 
an index rod is connected to the float and passes 
through the cap on top of the tube, indicating the 
depth of the oil on a graduated scale. 

For a final precaution, a bell-crank lever is at- 
tached to a cock in the pipe leading from the supply 
tank to the retort, and* two chains lead from it to 
different parts of the room. If from any cause fire 
does occur, the oil supply can be shut off without 
trouble. Besides this emergency cock, there is the 
micrometer cock, by which the fiow of oil into the 



112 

siphon leading to the retort is regulated ; and there 
is also a cock, just outside the furnace, by which 
even the small amount of oil in the siphon can be 
shut off from entering the furnace. 

We have been able to find no further evidence 
concerning the hazard from either fires or explo- 
sions in operating Pintsch gas works and no further 
records of their occurrence. Of course gas manu- 
facture in these works as in other gas works has to 
be carried on with proper care. Both the gas and 
the substances from which it i8 made are inflamma- 
ble; and if the former is mixed with the proper pro- 
portions of air, an explosive compound is formed. 
Either the lack of proper attention or wilful malice 
may cause trouble, therefore, as in any gas works 
although the small amount of gas contained in the 
apparatus or in the holder would probably limit the 
effects of even the worst fire or explosion to the 
immediate vicinity of the works. 

To test still further this matter of hazard in the 
gas manufacture, Mr. W. B. D. Pknniman, on behalf 
of this journal, sent inquiries to a number of railwaijr 
officers who have had greatest experience wtt±t 
Pintsch gas manufacture in this country. One of tb» 
questions asked was : ** Do you consider the maim- 
facture of oil gas unusually hazardous to the m^n* 
engaged in it ? " The replies received were uni- 
formly in the negative. - 

It is to be noted also, in considering the question' 
of hazard, that the force required to operate aga» 
plant is very small, only from two to four men' 
being on duty at a time. The hazard to life> there- 
fore, even supposing the process to be a dangerous 
one, is not great. 
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Our attention has been caPed to an anonymous 
circular which was widely distributed sometime 
ago, contain^ newspaper extiacrs describing ex- 
plosions of oil gas works in three cities. Concern- 
ing this the Safety Car Heating & Lighting Co. say: 

The gas works referred to in tbese circulars were not 
Pintsch works, cr built in any way like them. The con- 
struction of Pintsch gas works is such as to make them in 
every way more safe than any other method of gas manu. 
facture, and their operating history has been such as to 
obtain the confidence of railroad people. There are now 
160 of these plants in daily operation. 

We are also informed that the accidents referred 
to in this circular occurred at works using the Fos- 
ter gas process, which was introduced on some 
railways a few years ago by the American Lighting 
Co., of New York City, a concern which we believe 
is no longer in existence. 

STORING THE GAS AND DISTRIBUTING IT TO THE CARS. 

As already stated, the gas passes from the com- 
pressor to the storage tanks. These are plain 
iron cylinders set horizontally. The capacity 
of those at the Erie works at Jersey City is 
265 cu. ft., so with 10 atmospheres pressure, each 
contains 2,650 cu. ft. of gas, of enough to fill 
about 20 cars. Of course only a small part of 
this number could be filled from the holder alone 
before the pressure would be reduced too low 
to give a proper amount of gas in the steel tanks on 
the car. In practice, however, when any consider- 
able number of cars is being filled, the compressor 
is forcing gas into the holders as fast as it is drawn 
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off. The Erie has five of these tanks at Jersey City 
to supply 265 cars and 6 ft*rry boats in service. The 
West Shore has two storage tanks to supply 150 cars 
in service. Tanks of this size wei^h 6,000 lbs., and 
cost $760. The fittings cost $125 additional, making 
the total cost $885. 

These storage tanks are really remarkable speeft- 
mens of metal working. They are 20 ft. long and 4 ft* 
2 ins. in diameter, and every seam is welded. In the&r 
manufacture the separate rings are first welded, 
which of course presents no especial difficulty. Each 
ring is then sliscb tly expanded at one end and enlarged 
at the other, and the cylindrical portion of the holder 
is then made by welding together these separate 
sections. The most delicate operation, however, is 
welding in the heads, where the only resistance ta 
the welder*3 hammer is that due to the stiffness of 
the sheet. These holders are all made at the works 
of Julius Pintsch in Berlin. The reason for the use 
of welded instead of riveted seams is, of course, to 
avoid all leakage. 

The amount of storage capacity for compressed gaft 
required at any works depends upon the rapidity with 
which gas has to be delivered within a given time; 
If the gas were delivpred from the works at a con*- 
stant rate throughout the day, then twostoreholders 
would be suflicient — one to pump into and one to 
discharge from alternately. This, however, is never 
the case, and sometimes large amounts of gas are 
required within a short time. The storage capacity 
is therefore arranged for the service, whatever thatt 
may be. 

The gas as stored after compression does not de^ 
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teriorate or deposit further hydrocarbon. Sampled 
of gas examined after being stored for 10 months iii 
cylinders at 150 lbs. pressure have shown the saUie 
eandle power as when first compressed. The reason 
for this may be seen by remembering that the 
pressure to which the ffas is subjected in the com- 
pressor is always a little higher than in the storage 
tanks, and this in turn is greater thctn the pressure 
in the distributing pipes or in the car reservoirs. 

The preferable mode of distributing gas from the 
storage tanks to the cars is to lay a system of under- 
ground pipes along the car storage tracks, or where- 
ever the cars can be most conveniently reached with- 
out special switching. In some cases the pipes are 
carried 10,000 ft. or more from the storage tanks. 

The pipe usually used for even these very long 
lines is ^ in. extra strong pipe with extra heavy 
recessed couplings. The joints beween the pipes are 
made with a paint of litharge and glycerine. When 
the pipe screws into any special fitting of brass the 
threads are tinned and the joint is soldered. In 
case of very long pipes of this small diameter when 
the flow through them is too slow, one or more 
store holders are placed at the distributing end to 
accumulate the gas and facilitate quick filling. At 
the Pintsch gas works in Chicago, where distribu- 
ting pipes are in use over two miles in length, a 1^- 
in. extra heavy pipe is used for the conducting 
pipe, and in order to thoroughly protect it and at 
the same time avoid any loss by leakage, it is laid 
inside a 2^-in. pipe which opens at the works into 
the low-pressure gasholder. 

At the Central Railroad of New Jersey yards in 
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Jersey City, %-m, piping is laid between alternate 
tracks to fill cars on either side. Filling? valves are 
placed every 90 ft., and the 50-f t. hose used for filling 
the car tanks maizes it possible to reach any car on 
the track on either side of the pipe line. 

In case it is desired to fill cars at a consider- 
able distance from the gas works, special tank cars 
are used. Fos example, at the Grand Central 
station, in New York City, cars are supplied with 
gas brought in special tank cars from the works at 
Mott Haven, 5 miles distant. T^e tanks which are 
placed on these cars are of the same size as the 
storage tanks at the works, 20 ft. x 4 ft. 2 in. They 
weigh about 6,000 lbs., and the two are placed side 
by side on the car. When charged to a pressure of 
12 atmospheres they will contain over 7,000 cu. ft. of 
gas at atmospheric pressure. Three tanks could be 
as well carried on a car if the extra capacity were 
needed. 

At the station where the gas is to be delivered 
there are generally several storage tanks and a com* 
pressor; by means of the latter all the gas in the 
tank car can be forced into the stationary holders, 
and the car can then return for another charge. The 
compressor also makes it possible to utilize nearly 
all the gas in the stationary holders, drawing from 
all but one and forcing the gas into this one as the 
pressure is lowered through the filling of cars from 
the distributing pipes. In case nece&sity should re> 
quire, sufiScient gas could be stored at the Grand 
Central Depot to supply 120 cars for three or four 
days. 

The cost of a system of distributing pipes can be 
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easily estimated by sketching the tracks to be 
covered, and measuring the length of pipe required. 
Laying the pipe costs very little, as a shallow trench 
only deep enough to protect the pipe from injury is 
all that is required. In passenger train sheds the 
distributing pipes are often run overhead. 

It may be said that leaks in a system of gas pipes 
under 150 lbs. pressure would be very liable to start 
fires. Bub in practice, when they occur they 
can hardly do harm, since the gas generally escapes 
first underground apd then in the open air or in a 
large open train shed. The strong odor of the gas 
alsa insures that a leak at any point will be detected 
as soon as it occurs. A small leak, even if it became 
lighted, would probably do no harm; and if the 
pipes were underground, the gas would be so dis- 
seminated before reaching the surface that it could 
not be lighted. 

A more likely cause of accident, and one which 
has sometimes occurred, is the starting of a 
train through carelessness while the tanks are be- 
ing filled and the hose from the distributing pipes is 
still connected to the car tank. Of course, in this 
case the hose is broken, and if the escaping gas 
reaches a flame it will be instantly ignited. We 
have been informed of one case of this sort in which 
the car was being filled in the evening. The man 
who was filling the tank had a lantern, which set 
fire to the issuing gas, and he was severely burned. 

It is fair to say that the system in use in this case 
was not the Pintsch, but a compressed gas system 
using ordinary coal gas. The rules issued by the 
Pintsch Co. for the instruction of car-fillers call for 
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the use of a safety lantern whenever artificial light 
is required in filling ; but of course this precaution 
may or may not be enforced by the rail way company. 

Accidents like that above noted are, of course, 
always possible, however, and rules, simple enough 
so that they will be observed, should be estab- 
lished requiring the notification of conductor or 
engineer that the car-filling hose is to be con- 
nected, and later that the work is done and 
the hose is off. It is to be noted that fire occur- 
ring from this cause would always be on the out- 
side of the car, and would occur only at the 
moment of starting. Danger to passengers from 
this cause, therefore, may be counted as nil. In 
proof of this we have the very extended experi- 
ence with compressed gas of various sorts for c^ 
lighting extending over many years. If any Injuries 
to passengers have ever occurred through the start- 
ing of cars with the hose connected, they have never 
been brought to our notice. 

The hose used for filling is made of rubber, extra 
heavy, and is fitted with a cock at each end and a 
pressure gage at the end next the pipe line. The 
cocks in the hose are closed before it is disconnected 
from the car, and thus the escape of the gas con- 
tained in the hose while it is being moved from one 
car to another is prevented, and both the waste of 
gas and annoyance from its odor are prevented. 
With this hose it is seldom necessary to use artificial 
light when filling, as the gage can usually be read 
by the light from the cars. Even if a light is used, 
there is no need of carrying it near the cars, as the 
gage is on the end of the hose next the pipe line. 
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The length of time required to fill the tanks on a 
car is from three to five minutes, when two men are 
at work. When one man works alone a little longer 
time is required. 

Fig. 55 is a diagram showing the length of time 
taken to fill several cars and the fall of pressure in 
the storage tank and in the accumulator. The store- 
holder at the gas works at Uainholz was 18 ft. 4 ins. 
long and 4 ft. 1)4 ins. in diameter, making its 
capacity about 250 cu. ft. From it a pipe of 16 mm. 
diameter (% in. nearly) led to the car-filling tracks 
at Hanover, a mile and a half away, where an accu- 
mulator of the same size and capacity as the store* 
holder was placed. The car tanks on each car had a 
capacity of about 32 cu. ft. 

THE PLANT ON THE CAR. 

The essential features of the plant placed upon 
each car lit by the Pintsch gas system are the reser- 
voir for holding the compressed gas, the '* regula- 
tor " for reducing its pressure to the very low point 
required for burning and the system of gas piping, 
burners and lamps. All these parts are shown in 
the accompanying illustration. Fig. 56, a portion of 
the car being cut away to show the location oi the 
parts of the plant beneath the car floor. 

It will be seen that cocks for attaching the filling 
hose for replenishing the reservoir are placed on 
each side of the car, so that on whichever side the 
line of distributing pipe is located, the car filler can 
connect the hose without crawling under the car. A 
pressure gage is attached to the filling pipe near the 
reservoir (not exactly in the position shown in the 
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drawing). By ooosulting this gage, the pressure in 
the gas in the reservoir and the amount available 
for burning at any time can be ascertained. 

The reservoirs used on the car are made of vari 
ous sizes, from 6 ft. to 9 ft. 6 ins. in length and 163^ 
ins. to 20>^ ins. diam., and of special sizes to order 
when desired. In ordinary passenger service a 
single reservoir is all that is required; buc where 
very long runs are to be made, two or more reser- 
voirs may be attached to the car. For example, the 
Pullman cars running from Chicago to New Orleans 
(burning nearly a dozen lamps) have four large res- 
ervoirs, or enough to last an ordinary car with five 
four-flame lamps, burned four hours per day, for a 
continuous service of 17 days. In ordinary passen- 
ger laervice, however, the additional weight and cost 
of even one extra tank are not often incurred. A 
single tank, 9 ft. 6 ins. x 20>^ ins., holds, when filled 
to 10 atmospheres, 212.5 cu. ft., or enough to supply 
an ordinary car, fitted as above, for four days' ser- 
vice, burning the lamps four hours per day. 

The reservoirs used in this country are shown by 
Figs. 56, 57 and 58. They are made of mild steel }i in. 
in thickness. The cylinder is made of a single sheet 
of metal with a double riveted lap joint. The heads 
are xg-in. steel, flanged, and fitted in the ends of the 
cylinder with the ends of the convexity outward. 
In this way the outward pressure on the heads tends 
to count, ract the outward pressure on the cylindri- 
cal shell, whereas if concave heads were used, the 
two forces would both tend to burst the shell at 
the ends. 

In making the cylindrical shell, after the holes are 
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punched for the rivets and it is bent into shape it is 
dipped into a bath of tin. The rivets are also tinned 
and are driven cold; the longitudinal seam is then 
brazed. The heads are flanged and punched and 




Fig. 58. Detail of Joint Between Shell and Head of 

Car Reservoir, 
the carrier brackets are riveted on (see Fig. 58), and 
they are then tinned. The heads are fastened in 
the ends of the cylinders by tap bolts, as shown, and 
all the joints are carefully soldered. These precau- 
tions have been found necessary to make the reser- 
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voir absolutely gas-tight under the pressures em- 
ployed. 

Concerning the strength of the cylinder, the tena- 
city of the niild steel employed may fairly be set at 
60,000 lbs. per sq, in. On a cylinder of 20 ins. internal 
diameter, subjected to a pressure of 150 lbs. per sq. 
in., the tensile strain per lineal inch on each side will 
be 1.500 lbs. As the metal is }i in* thick, the working 
strain on the solid metal is only 6,000 lbs. per sq. in. 
If we take the strengih of the double riveted lap 
joint as 60% of that of the solid plate, we have 9,000 
lbs. as its ultimate strength, or a factor of safety of 
6. All reservoirs are tested to 250 lbs. pressure or 100 
lbs. more than the highest pressure in service. 

In English practice the heads of the car reservoirs 
are made concave, and are welded in; but besides the 
loss of strength already noted with this construction, 
there is an additional disadvantage due to the loss 
in capacity for a given weight and a given space oc- 
cupied. 

One of the most important features of the Pintsch 
system is the regulator, by \^ nich the pressure of 
tne gas in the pipes leading to the lamps is main- 
tained at 3^2 oz., no matter whether the reservoir be 
full of gas at 150 lbs. pressure or nearly exhausted. 
Fig. 59 is a section of the regulator. It consists of an 
iron, basin shaped chamber, closed at the top by a 
flexible diaphragm of prepared leather. The space 
on the lower side of this diaphragm is filled with 
gas at }4 oz. pressure, which tends to raise the dia- 
phragm, but motion is opposed by the flat spring 
connected to the bar supporting the center of the 
diaphragm. The valve which admits the compressed 
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gas from the reservoir is controlled by this bar, as 
seen in the drawing, so that when the pressure falls 
the valve opens and admits more gas from the 
reservoir. 

The important feature of the regulator is the 
valve, an enlarged section of which is shown in the 
lower right-hand corner of Fig. 59. To make a valve 
which shall be absolutely gas-tight against pressure 
up to 150 lbs. is the problem; for if the valve allows 
the gas to leak past it ever so little, the pressure 
will be gradually raised in the pipes leading to the 
burners. The construction adopted to make the 
valve absolutely gas-tight is as follows : The open- 
ing in the valve seat is only ^2 ^* diameter. The 
valve seat is of hard composition metal. The valve 
is made of a soft alloy and has a parabolic 
shaped head. When the valve is forced to its seat 
this soft alloy yields slightly, and a tight joint is 
formed. In the enlarged section shown on Fie:. 59 
we have slightly exaggerated the shoulder which 
is formed on the valve where it comes in contact 
with the seat after being in use for some time. 

To prevent any scale or particle of dust or grit 
being carried along with the gas and interfering 
with the closing of the valve, a filter is placed just 
back of the valve, consisting of brass nettings, be- 
tween which is placed fibrous material. 

The regulator is warranted for five years by the 
Pintsch Co., and some of them have been in use for 
16 years on the railways of Germany without repairs 
or interference. It is adjusted once for all when 
made to give the X oz, pressure used in the distri- 
buting pipes, and needs no further adjustment. 
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The fact that differences of pressure in the reservoir 
can have but an infinitesimal effect on the pressure 
of the gas in the pipes beyond the regulator, may be 
appreciated by comparing the areas and leverages 
of the two fluid pressures. The area of the valve- 
port for the compressed gas is to the area of the 
regulator diaphragm as 1 to about 9,000. Their rela- 
tive leverage is as 1 to 25; hence a difference of press- 
ure of 150 lbs. per sq. in. in the compressed gas will be 
balanced by a difference of pressure persq. in. on the 
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diaphragm of 25 x 9000 ~ r^oo lb. or about j J^ oz. 

The pipes leading from the reservoir to the regu- 
lator and to the filling valves are jointed by tinning 
the threads and soldering after screwing the pipes 
together; or where flange joints are used at the 
junction with filling valves, regulator, etc., a com- 
pound rubber and lead gasket is used, the rubber 
making a tight joint and the lead serving to pro- 
tect the rubber to a considerable extent from the ac- 
tion of the gas. 

From the regulator onward, the gas being under 
very low pressure, the same care is not neces- 
sary in making the joints and an ordinary 3^- in. iron 
gas pipe is used. As seen by Fig. 56, this pipe leads 
from the regulator to a point underneath the closet, 
thence upward through the closet to the roof, and 
thence along the roof of the car, branches being 
taken off by T connections to supply each lamp. A 
main controlling cock is placed in the closet and 
may be turned either to shut off all gas from the 
car, to give the full opening of the pipe, or to admit 
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the gas through a small by-pass. The last position 
is the one in which it is placed when the lamps are 
to be lighted; this avoids smoking the reflector 
plates of the lamps, which would sometimes occur 
with the full head of gas when the bowl was open 
and the wind was blowing. After lighting the 
lamps the cock is turned to the wide-open position. 

Fig. 60 shews a section of the standard lamp of the 
Safety Car Heating & Lighting Co. The gas is led 
down to the burner from the roof pipe through one 
of the hollow supporting standards. From here it 
passes to the center of the lamp and down to the 
burners. The reflecting surface above the burners 
is of white porcelain. A part of the light is reflected 
upward through the mica chimney and the porcelain 
shade and lights the head linings. The products 
of combustion pass up inside the mica chimney and 
then through four tubes, as shown by the section A 
By to an exit at the top. The air to supply the flame 
is taken in at the elliptical openings near the top of 
the lamp, and in its passage downward, around the 
tubes just referred to and over the mica chimney, is 
considerably heated. 

The lamps are made with either two, four or six- 
flame burners. A check screw with lock nut is 
attached to each burner; and the height of flame is 
adjusted by this when the lamps are put up, after 
which it should not be interfered with. 

The question of amount and quality of the light 
from the lamp we shall discuss in a future article, 
in connection with the photometric tests made by 
Mr. W. D. B. PennimaJi. 

The lamp globe and shades are packed with 
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asbestos to prevent rattling, and especial care id 
taken with all joints to prevent them from becominfC 
loose with the constant jar of pervice. Heavy 
springs are placed on the gas cocks controlling the 
lamps as seen in Fig. 61, to prevent them from be- 
coming loose. 

In applying the apparatus to a car, pains should 
be taken to remove all scale and dust from the inte- 
rior of the pipes by jarring them and blowing 
through them. Even with this precaution, how- 
ever, some scale is likely to work loose in the pipe 
when the car is first put in service. It is recom- 
mended, therefore, to disconnect the pipes after the 
car has been running for a month or so and blow 
them out thoroughly. 

According to data furnished us by the Safety Car 
Heating & Lighting Co., the Pintsch lighting sys- 
tem is now in use on over 38,000 passenger cars, di- 
vided among the different countries, as follows: 



Cars 
Country. Railways, equipped. 

Germany 30 21,300 

France 7 3,300 

Denmark 2 45 

Sweden 2 230 

Switzerland 4 260 

Italy 4 1.105 

EnRland 15 6,100 

Holland 4 767 

Russia 11 631 

Servia 4 104 

Austria 7 1,560 

United States 30 2,003 

Brazil 2 310 

Argentine Republic 4 620 

Australia 2 15 

Total 128 38,850 
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In the United States the companies using the 
Pintsch system and the number of cars equipped 
by each is as follows: 

Companies. Gars. 

Baltimore& Ohio 17 

Boston & Albany 35 

Ctecral Raiiroad of Georgia ^ 

Central Railroad of New Jersey 222 

Chesapeake & Oliio 1^ 

€%icago & Erie 4R 

Chicago & Northwestern 200 

Cincinnati, Hamilton & Dayton II 

peiaware, Lackawanna & Western 18 

Denver & Hio Grande 88 

East Tennessee, Virginia & Georgia 35 

Illinois Central 10 

New York & New England 12 

New York Central & Hudson River OS 

New York, JLAke Erie & Western 309 

New York, New Haven & Hartford 63 

New York, Providence & Boston 27 

Old Colony 36 

Rio Grande W^estern 40 

Rome. Watertown & Ogdensburg 11 

Wabash 11 

We-^t Shore Ill 

Pullman Palace Oar Co 200 

Wagner Palace Car Co 195 

The balance, making up a total of 2,003, on the Canadian 
Pacific, Chicago & Eastern Illinois, Cleveland, Cincinnati, 
Chicago & St. Louis, Louisville, New Albany & C hica^o. 
Philadelphia & Reading, Richmond & Danville, Third 
Ave. Cable Road. Cairo Short Line, Long Island R.R. and 
Chicago, St. Paul, Minneapolis & Omaha. 

Pintsch gas-works are in operation, and gas is sup- 
plied at the following depots : 



Boston — 4 depot?. 

Stoningtcn, Ut.. 1 
New York City. 2 
Jersey City . 2 
Hobokeu, N. J.. 2 
We'hawk'n.N.J. 1 
Syracuse, N. Y. 2 
Marion, O 1 



epotff. 


Cincinnati 


. 2 depots. 


«• 


Chicago 


.,5 •• 


« 


Savannah, Ga. 


3 ** 


tt 


St. Louie .... 


.. Union d*pot 


t( 


Atlanta, Ga... 


1 • 


•• 


Denver, Col... 


• 


4« 


Ogden, Utah.. 
Minneapolis. . . . 




« 


. 1 depot. 
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Concerning the plant attached to the car we find 
the following in the paper by Mr. Hunter before 
the Institution of Civil Engineers, from which we 
have before quoted : 

At the station of the Caledonian Ry., in Glasgow, dis- 
tributing: pipes are laid so that trains can be chained with 
gas while standing at the station. Pipes are also laid to 
tho carriage shed yi mile from the works, and carriage 
can be charged there before being taken out and marsh- 
aled. It takes 3 minutes to couple the hose and charge a 
standard carriage carrying 6 lamps, if they be empty, but 
this is seldom the case. 

Each carriage is provided with one or two recipients or 
cylinders of a size proportionate to the number of lamps 
it carries. The recipients are made of ^e-in. steel plate, 
carefully bent. The joints are botn riveted and soldered 
and the flanged ends are then fitted in and fastened by 
screws and soldered over. 

The recipients are chaiged to six atmospheres (90 lbs. 
for 36 hours) burning; and no carriage is allowed to leave 
the Glasgow stations with a lower pressure in the recipi- 
ents than two atmospheres, or enough for 12 hours* 
burning. 

The paper by Mr. Ayres on this subject, from 
which we have before quoted, was devoted more to 
the use of compressed gas for lighcing buoys and 
beacons. We find, however, the following concerning 
its application to car lighting: 

The application of compressed oil gas to the lighting of 
railway carriages was first tried in the year 1871 with 
satisfactory results in Germany, on the Lower Silesian 
Railway, and in England in 1876, on the St. John's Wood 
trains of the Metropolitan Ry. The Great Eastern Ry.was 
the next to adopt it; the Metropoliian Ry. Co. definitely 
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adopted it for the whole of i^B rolling stock a few weeks 
later, other companies quickly following buir. The gas- 
holders are attached either to the roofs or to the under- 
framing of the carriages, and are charged to a pressure 
of 6 to 8 atmosphei es Taking one of the London & North- 
western Ry . Co. 's 6-wheeled, first class carriages as an ex- 
ample, such a carriage carries two gasholders, placed side 
by side longitudinally, having a collective capacity of 27^ 
cu. ft. There are seven lamps, burning each 0.4 cu. ft. of 
gas per hour. A carriage thus fitted will run from Euston 
to Aberdeen and back, a distance of 1,030 miles, the lamps 
burning continuously for 33 hours with only one change 
of gas, the gasholders being charged to a pressure of 
about 120 lbs. per sq. in . more or less. On arriving back 
at Enston there is usually about 20 lbs. pressure remain- 
ing in the holders. The number of carriages so fitted to 
date (April, 188S) is 1,462. The cost of the gas delivered 
into the gasholders, including interest on capital and de- 
preciation of plant, is about 8s. 5d. ($2.02) per 1,000 cu. ft. 
With the lamps burning 0.4 cu. ft. per hour used on this 
road, this makes the ^otal cost of the gas burned in each 
lamp per hour only .O404d. ($.0008). 

DISCUSSION. 

Mr. Joseph Tomlinson, Jr., presented a detailed table 
of figures of the cost of lighting the trains on the Metro- 
politan Ry. The system of lighting in use up to 1876 on 
that road was ordinary coal gas. 

The application of the Pintsch system began in 
1871, but was not completed until 1876. As the 
directors would not invest any capital in making 
the change, he offered to make it out of revenue if they 
would give a "suspense account' while the change was 
taking place. This having been agreed to, he had paid off 
the whole cost of construction in about three years out of 
savings, the whole amount being about £9,000. The only 
charge that went to capital was the gas-works, buildings 
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and fittings, and trucks and holders for distributing: the 
compressed gas. The cost per train mile for train light- 
ing on the Metropolitan Ry., in the years 1873 to 1875» 
when ordinary coal gas was u sed, was as follows: 

Half year ending June, 1873 LaOd. 

• Dec. *' l.44d. 

*• June,1871 l.59d. 

" " " Dec. •* 1.66d. 

*• June. 1875 1.52d. 

•* •• ** Dec. •' l.Md. 

After the introduction of the Pintsch system the cost of 
lighting per train mile was: 

Half year ending June, 1882 0.93d, 

" *• '* Dec. ** 087d. 

" ** " June.1883 0.83d, 

Dec. ** 0.83d. 

" June,1884 0.87d. 

«• " " Dec. " 0.91d. 



Note.— The following are further particulars con- 
cerning the cost of gas at the first American works, 
for which figures were given on pages 102, 103. 

The total cost of gas in the cartanks per l.OOOcu. ft. 
was there shown to have reached the high figure of 
^4.20 per 1,000 cu. ft. in Lhe seven months from July 
1, 1890, to Jan. 31, 1891. Besides the fact that the 
build ins: is designed for a considerably larger plant 
than is now in operation, which we before 
alluded to, and the very low yield of gas per gallon 
of oil, pointing to inefiScient operation in the 
works, we learn that the pipe distributing lines and 
the filling valves have not been properly looked after, 
and the result has been a large loss by leakage, which, 
however, has recently been remedied. That the 
above high cost of the gas is due to inefilcient 
operation is pretty conclusively proved by com- 
paring the cost per 1,000 ft. on boajrd cars with the 
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cost on three other railways each located within 10 

miles of the first-mentioned works. 

Total cost of ffas per 1,000 
Name of railway. ft. on boajrd cars. 

**A" (Seven months ending Jnne 31, "91) $1,206 

••B "(Three months of 1891) 2.10 

•• C '* (Six months ending July 1, '91) 2.65 

''D" (Six months ending Jan. 1, '88) 2.11 

**D" (Six months ending Jan. I. '89) 2,0» 
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Oil-Bumizig Lamps. 



Notwithstanding the advances which have been 
made in lighting by gas and electricity, kerosene, or 
some form of petroleum product is still the illumi- 
nant used in the great majority of the households 
of the country. So in the railway service, out of 
over 30,000^ cars now running on passenger trains in 
the United States probably at least 27,000 are lit by 
oil lamps. In foreign countries rape seed oil, colza 
oil and some others of vegetable origin are largely 
employed. The report on car lighting presented at 
the International Railway Congress, held at Milan 
in September, 1887, had the following concerning 
them : 

Rape seed oil is more comiaoBly used than any other 
material for lighting: in Europe. The foUowiog are its 
principal disadvantages: It is irregular; it hardens under 
extreme cold [European cars not being heated]; it oozes 
out inlo the G^lobe and obstructs the light; or drips to the 
floor and gives forth a nauseous odor. The refilling, dean 
log, replacing the globes and wicks and the difficulty of 
controlling the consumption of oil are also disadvantages 
Two styles of burners are used, flat and round. Flat burn- 
ers are more simple in construction, easy to light and 
clean, require no chimney and are inexpensive. The light 
is poor, and insufficient air is furnished to the flame; the 
focus is too high in the lamp. Part of the oil is distilled 
into the globe. The wick is rapidly carbonized and the 
lamp burns well only two or three hours. The round 
burners give a superior light, as the combustion is more 
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perfect and the flame -n hiter. For the first 12 hours they 
remain very constant. It is said, however, that they drip 
2 to 3 grams per hour. 

From other sources we know well that the defects 
of the vegetable oils as illuminants are not overdrawn 
in the above. An American traveler in France a 
few years ago wrote : 

The car lamps (which burn vegetable or animal oil) are 
removable and are made to a standard size. There is an 
opening in the roof to receive them ; and before a train 
starts on its trip a man will be seen walking along the 
roofs taking out the lamps, passing them down to a man 
on the platform 'and replacing them by others that are 
filled. They are also lighted and manipulated from the 
rrtof, and, though they may leak or smoke, the passengers 
can do nothing with them. It therefore frequently hap- 
pens that a lamp will leak until the glass beneath the 
burner is covered with oil, and the flame will be smoking 
until the light of the car becomes so dim that the pas* 
sengers can scarcely didtinguish each other. 

The reason for the use of these oils abroad is part- 
ly the high price of kerosene, due to cost of impor- 
tation, duties, etc., and partly the prejudice against 
it on account of its supposed danger. These reasons 
do not exist here. The cost of vegetable oils is far in 
excess of the cost of the mineral oils used for car 
lighting; and, as seen above, the vegetable oils are by 
no means satisfactory illuminants. The question of 
danger we shall discuss more fully later; but we 
may say now that the chief danger from oil lamps 
arises from the spilling of oil in case of an accident; 
and this danger is practically the same with vege- 
table oils as with mineral oils. 

Concerning the use of mineral oils for car lighting 
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we extract the following from the paper by Mr. 
Geo. Gibbs, read before the Wester u Hallway Club 
last spring (ENGiNEEftiNG News, March 7, 1891.) 

The grade of oil used until within the past 10 years for 
car illumination would correspond to the low fire test oil 
now used tor household purposes, gravity about 50^*, firing 
at 150'' Fahr, and giving off inflammable vapor at 110^ 
The unsafe quality of this oil for the purpose was con- 
ceded and the invention of improved processes of oil refin- 
ing and improved burners made possible the use of a 
heavy, high test oil, so that it U improbable that any of the 
hghtoil is in use at the present day. This heavy oil, 
called ** mineral seal," ranges from 36** to 40*' in gravity 
and has a fire test of 300** Fahr. ; no inflammable vapcHr 
being given ofl* below 230". 

The old oil was undoubtedly highly dangerous, it being 
possible from Improper attention to have it at the tem- 
perature of vaporization in the lamp pot; thus ajar, cur- 
rent of air, or defect in the lamp would cause communi- 
cation of the flame with the accumulated vapor, and ex- 
plosion would ensue. But the nature of the oil used fCr 
car lighting to-day is not popularly understood, many 
imagining it to be the household quality of Kerosene; it is» 
in tact, totally different, being a heavy; oil of difflculc in- 
flammability. It may be heated beyond the temperature 
of boiling water without giving off vapor: and will conse* 
quently not ignite in bulk below this point. The flame in 
the lamp is very sensitive to draft or jar; in fact, it seems 
impossible for a Are to originate from the lisrht in case of 
collision, as tearing a lamp from its fastenings would 
without fail, I believe, extinguish it. 

Whether the use of oil of 300° test in place of the 
common 150° kerosene is universal in railway car 
lighting at the present time, we cannot pretend to 
say. Certainly on all railways which make any 
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preteuse of keepinf; up w ith the times, this change 
has been made; and indeed the laws of many States 
require the use of 300° oil on passenger cars; but 
there may still be a few local roads, which, through 
ignorance, are still using ordinary kerosene in their 
car lamps. The difference in price being so low, how- 
ever, only a cent or two per gallon, the only reason 
for using oil of low test in railway car lamps at the 
present time must be ignorance, pure and simple, 
since with any decently good car lamp the high test 
oil burns almost as satisfactorily as the 150° oil. 

Concerning the desirable qualities in the oil used 
for car lighting, we cannot give our readers better 
information than to quote from the admirable series 
of articles by Dr. C. B. Dudley, Chemist, and F. N. 
Pease, Assistant Chemist of the Pennsylvania R. 
R., on ** Chemistry Applied to Railroads," published 
in The Railroad and Engineering Journal, By 
permission of the author, and publisher, we reprint 
the following from the articles on "Petroleum Pro- 
ducts" in the issues of that journal for April and 
May, 1890, taking so far as possible only those por- 
tions of the paper which refer to the purchase and 
test of the 300° oil, which is alone used for car light- 
ing on the Pennsylvania R. R. 

It is probably well known that petroleum, as it comes 
from the ground, is a mixture of hydrocarbons, which 
differ from each other, so far as their physical properties 
go, principally in their boiling points and densities. It is, 
of course, natural that the attempt to separate these dif- 
ferent bodies should be by distillation, and accordinKly, 
80 far as we know, the first step in pretty nearly all refin- 
ing of petroleum, after allowing the oil to settle for a 
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while, is to put it into a still. Heat being applied, of 
course the constiruents of the lower boiling point come 
off first. In general, we believe the condensed liquid is 
called "benzine/* until the gravity reaches something 
like 60° or 65° Beaume's scale. Then comes, in general, 
the 110° fire-test oil, then the 150° flre-test oil, or higher 
fire test oil, and still later the 3.0° fire-test oil. If the dis- 
tillation is carried far enough, nothing but tar remains in 
the still. If the distillation is stopped at the proper time, 
lubricating oil mi y remain in the still. 

All the products of distillation as they come over are 
more or less contaminated with the heavier parts, and 
are more or less discolored from the presence of some of 
the tarry matters, which are either mechanically carried 
along or pass over in regular distillation. Ic is custom, 
ary, we believe, to remove most of the color and tarry 
matters by treatment with oil of vitriol, which seems to 
have the power of combining chemically with the tarry 
matter and precipitating it to the bottom of the tank. 
Also some of the oils, especially the lubricating oils, are 
changed in color and improved very much in appearance 
by filtering through bone black. 

The following is the latest revision of the specifications 
for petroleum products on the Pennsylvania Railroad, 
dated, as will be observed, September, 1889. 

PENNSYLVANIA RAILROAD COMPANY. 

Motive Power Department. 
Specifications for Petroleum Products, 

Five different grades of petroleum products will housed. 

The materials desired under this specification are the 
products of the distillation and refining of petroleum un- 
mixed with any other substances and conforming to the 
detail specifications below. Products havinw: very offen- 
sive odor, or being mixed with other oils, will not be ac- 
cep ed Shipments must be made as soon as possible 
after the oraeris received. All shipments received at any 
place on or after Oct. 1 must shf>w the proper cold tes^ 
and all received on or after May 1 mustshrw the proper 
flash point, and will be rejected if they fail, even 
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though the order did Dot call for winter and summer oil, 
respecciv^eiy, unless ic can be shown that the shipments 
have been more than a week in transit. No preliminary 
examination of samples will be required, bu a limited 
amount of special preliminary examination will be made 
on the reauest of the purchasing agent, for use of parties 
desiring the information. When a shipment is received, 
a single sample will be taken at random and subjected to 
testy and the shipment will be accepted or rejected nnthis 
sample. If rejected, it will be returned at the shippers' 
expense. 
The following detail specifications will be enforced: 

150° FIRK-TEST OIL.* 

This grade of oil will not be accepted if sample: 

1. Is not •* water white" in color. 

2. Flashes below 130° Fahr. 

3. Burns below 151° Fahr. 

4. Is cloudy, or shipment has cloudy barrels when re- 
ceived, from the presence of glue or suspended matter. 

5. Becomes opaque, or shows cloud when the sample 
has been 10 minutes at a temperature of 0° Fahr. 

The flashing and burning points are determined by 
heating the oil in an open vf^ssel, not less than 12° per 
minute, and applying the test flame every 7°, beginning 
at 123° Fahi*. The cold test may be conveniently made by 
having an ounce of the oil in a 4oz. sample bottle, with a 
thermometer suspended in the oil, and exposing tnif> to a 
freezing mixture of ice and salt. It is advisaole to stir 
with the thermometer while the oil is cooling. The oil 
must remain transparent in the freezing mixture 10 min- 
utes after it has cooled to zero. 

300° FIRK TEST OIL. 

This grade of oil will not be accepted if sample: 

1. Is not ** water white " in color. 

2. Flashes below 249° Fahr. 
S. Burns below 298° Fahr. 

4. Is cloudy, or shipment has cloudy barrels when re 
ceived, from the presence of glue or suspended matter. 

5. Becomes opaque, or shows cloud when the sample 
has been 10 minutes at a temperature of 32° Fahr. 

The flashing and burning points are determined the 
8a*ne as tor 150° flre-test oil except that the oil is heated 
16° per minute, te 't flame being applied flrst at 212° Fahr. 

* We reprint this paragraph simply because of il s rela- 
tion to the testing of the 300° oil, which is alone used in 
oar lamps. 
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The cold test is made the same as above, except that ice 
and water are used. 

\\ ith regard to the burning oils we are hardly prepared 
to say that wc think the method of taking the flashing: 
and burning points which we commonly use, and which 
with more or less modifications is in common use every* 
where, gives a perfectly safe oil, cli hough it should be 
stated that with most lamp constructions which are in 
common use on railroads, an experience of now nearly 15 
years shows that wi<^h oils which pass the tests given in 
the Pennsylvania Railroad specifications, explosions or 
accidents due to the oil almost never occur. In the two 
or three cases which have occurred, some peculiarity in 
the use of the oil accounted for the accident. In one case 
a lamp was put behind a stove and the temperature of the 
oil became very high. In another case of headlgiht oil 
[150*^ test] the lamp was so located that heat from the 
smokebox heated the oil far above any safe limit of tern- 
perature. 

The explanation of why lamps are in an explosive con* 
dition under the circumstances described, is perhaps not 
at all diflcult to comprehend. As has already been de* 
scribed, all the petroleum products are mixtures of hydro- 
carbons of difi'erent boHing points Hnd densities, and 'the 
method of separation of these difl'erent constituents by 
distillation makes each resulting product have some of 
the higher and some of the lower of these constituents. 
For example, 150° fire-test oil is not exclusively a hydro- 
carbon which distils at a certain temperature, but a mix- 
ture of hydrocarbons of boiling points above and below 
the temperature corresponding to that at which most of 
the oil comes over from the still; in other words, ordinary 
150° fire-test oil has some light oil in it and some heavier 
oil in it. This being granted, if the oil stands, as in a lamp 
half full, the tendency of the lighter parts, especially as 
the temperature goes up, is to separate from the mass of 
the oil and become a vapor mixed with the air in the lamp 
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above the oil. If the proportions of air and oil vapor are 
Tight, this mixture is an explosive one. However, on the 
Pennsylvania Railroad no 150° oil even is used where it 
can have any chance to affect the safety of the passengers, 
with the bare excepcion of out-door lamps at small sta- 
tions for lighting up the platform. 

MAKING THE FIRE TESTS. 

The apparatus which we make use of is an ordinary 
small iron cup sand-bath placed above a Bunsen burner, 
which plays direcMy against the pan of the sand-bath and 
heats the sand. In the sand-bath an ordinary porcelain 
dish,.such as are commonly used in chemical laboratories, 
about 2^ in. diameter inside and about 1 in. deep inside, 
is placed. This is filled to within ^in. of the top with 
the oil to be tested, the amount of oil under test being 
about one fluid ounce. A th' rmometer is suspended in 
about the center of the surface of the oil. so that the 
bulb is fairly immersed in the oil, but does not touch the 
bottom of the di h. As a test flame we use a very small 
gas jet, about as big as the bead of flame on the end of a 
burning string. We usually draw out a plass tube to 
a fine aperture and allow the gas to pass through this 
aperture until we get the size of flame mentioned. 

In our experience with open-cup testing, the following 
variables affect the flashing and burning points : First, 
rate of heating; second, size and depth of the cup used; 
third, amount of oil used; fourth, the thermometer; flfth- 
distance of the test flame from the oil; sixth, the size of 
the teat flame; seventh, the length of time the test flame 
is held above the surface of the oil; eighth, the place 
where the test flame is held; ninth, how often the test 
flame is applied, and tenth, surrounding conditions and 
peculiarities of the apparatus and manipulator. 

In view of this large number of variables, it is, perhape, 
not surprising that there should be so much discrepancy 
in the flre-tests made by different parties, nor indeed sur- 
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prising that duplicate tests out of the same can should 
not give exactly the same results. In our experience the 
most important variable is the rate of heating. It is en- 
tirely possible to take a sample of oil and get a higher 
fire-test by from 5° to 10°, by making the rate of heating 
very slow, over what would be obtained if the rate of 
heating were more rapid. So important do we regard this 
variable of rate of heating that we especially specify it in 
our specifications. It will be observed that for the 150** 
oil we raise the temperature of the oil not less than 12*' a 
minute, and for all the other oils we raise the temperature 
not less than 15° per minute. 

The size and depth of the cup affect the fire test iii this: 
If the same amount of oil is in a large shallow cup, the 
dissipation of the oil vapor into the surrounding air is 
more rapid than if it is in a smaller sized deep cup, and 
the dissipation of the oil vapor being a function of the 
flashing and burning points, in is plain to be seen that 
these two variables would affect the test. Also wheth^ 
the cup is filled nearly full or partly full affects the fire 
test. 

The amount of oil affects the test, as is plain to be seen, 
by virtue of the amount of vapor which is generated. 
With a large amount of oil. the same rate of heating and 
other variables uniform, a much larger amount of vapor 
will be generated in the same time than with a small 
amount of oil. The effect of the larger amount of oil is 
therefore to make the test a little more severe on the oiL 

The thermometer affect? the test somewhat more in Its 
unreliability than in any other way, it being a very com- 
mon experience with thermometers thit they are from 1* 
to 3° out in their readings, and also that a thermometer 
which has been used for some time, and especially if the 
same thermometer has been used to make high fire tests 
as well as low, gives readings which are unreliable. We 
usually use what are known as the best chemical ther- 
mometers, obtainable from the ordinary chemical supply 
dealers, and discontinue their use after a few months. 
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The distance of the test flame from the surface of the 
oil makes quite a difference in the fire tesc If the test 
flame is put down to within M in. of the oil, the flash and 
bum will be obtained considerably sooner than if the test 
flame is held ^ in. or ^ in. above the surface of the oil. 
This is, of course, readily understood on the hypothesis 
previously suggested, that the flash and burn are simply 
mixtures of air and oil vapor, and it is obvious that the 
mixture of air and oil vapor, especially in the flashing 
point, would sooner reach the combustible point at M in. 
above the oil than ^ in. above the oil. We usually hold 
the test flame about M in. above the oil. 

The size of the test flame has an influence in its efl'ect 
on the generation of vapor from the oil. A bead of flame 
one-half as large in diameter as a lead pencil and maybe 
H in. long, will give a different result from a test flame as 
large as a lead pencil and 94 in. long. This is especially 
noticeable in burning point, not so much in flashing 
point. 

The length of time that the test flame is held to the oil 
also has an influence in the effect of the flame on the oil. 
This is quite clear, we think, without explanation. 

The place on the surface of the oil where the test flame 
is applied is a matter of considerable importance. If the 
test flame is held near the edge of the dish, a flash will be 
obtained at a number of degrees lower temperature than 
if the flame is adroitly passed down near the thermometer 
to within M in* of the surface of the oil and as adroitly 
pulled out again. It is obvious why this should be so. At 
the edgd of the dish the oil vapor and the air have the 
best chance to mix. while in the center of the dish, near 
the thermometer, the material may be largely oil vapor. 

In our view the place where the test flame is held in 
open-cup tebtinar is the next most important variable after 
the rate of heating. 

How often the test flame is applied affects the test of 
a very sensitive oil apparently by the influence of the 
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test flame on the sarface of the oil. If the test flame rd 
applied every decree, a considerably lower flre test will 
be obtained than if the test flame is applied, as is our 
custom, every 7°. It is plain to be seen that the influence 
of the heat of a test flaine on a very sensitive oil would 
be considerable. 

The surroundini? oondittons have some influence on the 
test of an oil, notably, the barometric pressure being 
quite low, the escape of the vapor from the burface of the 
oil is more easy than with a hifirber barometric pressure, 
and in a very sensitive oil this undoubtedly makes some 
difference. We had a case once in which we were utterly 
unable to account for the difference obtained in testinsr 
the same sample of oil with the same apparatus 
and same manipulator on several successive days 
except by the barometric pressure. Furthermoret 
currents of air passing over the dish are es- 
pecially important surrounding? conditions. It is very 
clear why this should be so. If the vapor is carried 
ofi'by a current of air as fast as it is generated, it is obvi- 
ous that the flre test will be considerably higher than if 
the vapor which comes out of the oil is allowed to accu- 
mulate over its surface. It is not always pleasant to 
make flre tests of oils in a closed room, but we are very 
careful in our work to have no currents of air to assist 
the dissipation of the oil vapor which is set free from the 
surface of the oil. 

It is a question which has been much discussed among 
users of the petroleum products whether there was any 
use in taking anything more than the flashing point, 
since this really measures the dangerous quality of the 
oil. We are inclined to think the flashing point is abund- 
ant to protect the interests of the railroad company, pro- 
vided the taking of the flashing point is surrounded with 
sufficient precautions; but as a means of additional 
security, and especially as a means of neglecting no pre- 
caution that could fairly be made use of to prevent acci- 



143 

dents with the burning oils, we stiU adhere to the burning; 
point as an essential feature. MoreoTer we have found a 
few oils the flashing and burning points of which were 
very close together, and from the nature of the distilla- 
tion we would expect this would be t/ue of oils which 
represent a very small fraction of the original petroleum 
so that taking all things into account, it has been deemed 
advisable to maintain the burning point likewise as a tost 
for all petroleimi products used for burning. 

COLOR AND CLEARNESS. 

In regard to the remaining tests for petroleum products 
the two burning oils are required to be '* water- while 
in color, and there are not a few among the refiners who 
think that a yellow oil gives equally good results in burn- 
ing as " water-white " oil, and we are hardly prepared to 
dispute the position. The reason for demanding *' water 
white " oil is th^t by the ordinary method of distillation 
the oils contain some tarry matter, unless this is removed, 
as has been previously described, by treatment with oil of 
vitriol; and as the demands made on our burning oils are 
rather sec^ere. we have f«jlt that we were entitled to all 
precautions possible to prevent clogging cf the wicks, the 
tar, as is well known, remaining in the wicks and causing 
them to crust. We accordingly demand " water-white ** 
oil. Many times the market falls a little short of *' water- 
white " oil, and what is known as " prime white " is fre- 
quently sent in place of '* water white." The distinction 
is not very sharp, and we are of ttimes compelled to ac- 
cept material than is somewhat less than *' water white.*' 

The question of cloudy oil is a very serious one. The 
most common cause of cloudy oil is due to the following 
points in manipulation at the refineries where the oil is 
barreled. The barrels, in order to make them tight, are 
treated on ^he inside with a dilute solution of glue. It 
sometimes happens that owing to carelessness either the 
gluey solution is not wholly drained out or the bcurel is 
not allowed to become sufficiently dry before the oil is 
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put in. In this case the gluey matter, owing to the 
shocks of rolling and shaking incident to loading on cars 
and transportation, hecomes thoroughly mixed up with 
the oil, giving it an opaque or cloudy appearance, \vhich 
cloudy appearance is very slow to disappear by settling. 
These little particles of glue or glue and water finely 
divided, suspended in the oil, are, when the oil is used 
for burning, soaked up into the wick, and clog it, 
as will be readily understood. We have had much dif9l< 
culty from this cause, and the rule is enforced quite 
strenuously that cloudy oil will not be received. The 
sample sent for test being, as the specifications state, a 
sample from a single barrel chosen at random, cmd the 
had condition of a barrel when it is full being characteris- 
tic of of any barrel in the shipment, it does not always 
happen that the sample which we receive shows a cloudy 
appearance, although other barrels in the shipment may 
do so. To obviate this difficulty, the instructions to the 
men at the oil-he uses are that all barrels containinfir 
cloudy oil must be returned to the shippers, they them- 
selves performing the inspection necessary to determine 
this point. Long standing in a quiet position will cause 
most of this material to precipitate, but th 3 supply carried 
at most of the oil-housea demands that the oil be used 
moderately quickly after it is received, and consequently 
we have preferred to return cloudy oil rather than 
attempt to use it. 

Mr.W. B. D. PENNiMAN,Cbief Chemist of the Balti- 
more & Ohio R. R., furnishes us the following infor- 
mation concerning the testing of burning oils on 
that road : The specifications now in force on the 
Baltimore & Ohio are as follows: 

CONDITIONS OF SHIPMENT AND ^ND GENERAL SPECIFICA- 
TIONS. 

The material will be purchased by weight. Barrels 
must be in good condition and must have the name 0/ the 
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contents and the consignee's name and address on each 
barrel, and plainly marked with the gross and net weight 
which will be subject to the company's weight. 

When received all shipments will be promptly weighed. 
If not practicable to empty all barrels, iO$( will be emptied, 
and the losses of the whole shipment will be adjusted in 
accordance with the 10^ taken. Should the net weight 
thus obtained be less by 1^ than tha amount charged in 
the bill, a reduction will be made for all over 1^. 

Prices should be given in cents or hundredths of a cent 
per pound. 

Shipments, one or more barrels of which are filled with 
oil cloudy from the presence of glue, or which contain 
dirt, water or other impurities, will be rejected. 

Two kinds of petroleum burning oils will be used, 
known as 150° fire test for general use, and 300° fire test 
for use in passenger cars. 

DETAIL SPECIFICATIONS. 

150** Fire Test Oi7.— This oil must conform to the follow- 
ing requirements: 

1. It must have a flash test above 125** F ahr. 

2. It must have a fire test not below 150° Fahr. 

3. It must have a cloud test not above 0° Fahr. 

4. It must be a ** Water White " in color. 

5. Its gravity must be between 44° and 48° B. at 60° 
Fahr. 

300° Fire Test Oi7.— This oil must conform to the follow- 
ing requirements; 

1. It must have a flash test above 250° Fahr. 

2. It must have a fire test not below 300° Fahr. 

3. It must have a cloud test not above 32° Fahr. 

4. It must be a *' Standard White " in color. 

5. Its gravity must be between 38° and 42° B. at 60° 
Fahr. 

METHOD OF MAKING TESTS. 

150° Fire Test OtZ.— The "Open Tagliabue*' cup is used 
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for determining the flashing: und burning points of tbiq 
oil; heating the oil at the rate of 2° Fahr. per minute, and 
applying the test flame every degree from 120** for flash 
and every 4° after flash for the burning pomt. 

SOO* Fire Test Oil.— The "Cleveland" cup is used for de- 
termining the flashing and burning points of this oit 
heating at the rate of 5<* per minute, and applying the test 
flame every 5** from 230 *» Fahr. 

CLOUD TEST. 

The cloud test is made as follows : Two ounces of tU/9 
oil are placed in a 1-oz. sample bottle, with a thermometer 
suspended in the oil. The bottle is exposed to a freezings 
mixture of ice and salt, and the oil stirred with th|^ 
thermometer while cooling. The temperature at which 
the cloud forms is taken as the cloud test. 

Mr. Penniman's experience with regard to the 
color of oil has been that it is useless, if not practi- 
cally impossible, to get a water white 300° oil. He 
has frequently made comparative tests of waten 
white oil and oil that was slightly oflT color, and the 
results have shown tbat the quality of the oil was 
much more dependent upon the gravity and tbe 
cold test than upon any other conditions. All of 
these oils are such complex mixtures of hydro-carbon 
that oils are often obtained of the same color, same- 
cold test, fire and flash, which give different results 
in burning. The cold test of 300° oil is, next to 
gravity, the most important point to be considere<ii; 
and it is necessary to enforce this requirement 
strictly throughout the winter. 

Lamps.— The, improvement in household kerosene 
lamps which has taken place during the past score^ 
of years is a matter with which everyone is familiar. 
Similar improvements have also been made^ dur- 
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ins ^^^ ^i™^ in ^^6 lamps used for car-lighting^ 
Theeontxasl between the smoky, ill smelling kero- 
sene lamp, whMi WML the main reliance for house- 
hold illumination a seorftof jears ago, and the mo- 
dem Central draft lamps giHnc a^ U|[^ht of 30 or 40 
candle power is no greater than the eoutrast be- 
tween the old-fashioned car-lamp and the best 
types of car-lamps now in use. 

Lamp Burners,— Th^ ordinary mineral oil lamp 
of both the oldest and the most modem styles con- 
sists of a reservoir of oil, into which dips a fibrous 
wick. This passes outward from the reservoir 
through a closely fitting passage called a wick tube. 
The oil is drawn up through the wick by a capillary 
attraction and bums at the top of the wick tube. 
The fianie is made bright and smoke is prevented 
by directing a current of air against its surface. 
This is done by placing metal deflecting surfaces 
adjacent to the flame and producing draft by means 
of a glass chimney. 

The above description applies to practically all 
lamps burning mineral oil: and the manner in which 
the most perfect modern lamp burner difiers from 
the old fashioned burner with its dim light is first 
in the means for supplying air to the surface of the 
flame, second in the means for heating the air before it 
reaches the fiame, and third in the means used to fa- 
cilitate the flow of oil from the reservoir to the flame. 

One of the very first improvements over the plain 
flat wick burner was the familiar Argand burner, in 
which the wick tube and wick are annular in cross sec- 
tion instead of rectangular. This had the advantage 
of giving a strong draft and a hotter and brighter 
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flame. Another improvement which found especial 
favor for car lamps was the duplex or dual burner, 
in which two flat wick tubes are placed side by side 
and the flames from them unite to form a sip^^e 
flame. The reason why this has been especially pop-. 
ular for car lamps is that with 300" oil, which is lesa 
fluid than ordinary kerosene, the lamp more fre-; 
quently grows dim from the sluggish flow of the oil 
than from lack of air supply. The dual burner gives 
a double supply of oil to a single flame, while its in« 
creased heat also helps the draft and the air sup-r 

ply. 

But the greatest improvement over the old styles 
of mineral oil burners has been made in the inven- 
tion of the central draft burners. These are similiar 
to the old-fashioned argand burners, in that the 
wick tube is of annular cross-section; but they have 
the additional important feature of a ** flame 
spreader " or device for deflecting the upward air 
current through the central tube against the surface; 
of the flame. 

In most of the central draft burners a current of 
air is also directed against the outside of the flame, 
either by a brass deflector or by a corrugation of the 
chimney. The result of this ** forced draft " o&beth- 
sides of the flame is to greatly increase its tempera- 
ture and brilliancy. It becomes much whiter than 
the ordinary kerosene flame, andgives acorrespond^. 
ingly increased light. 

Some manufacturers of these improved lamps 
claim that for a given consumption of oil nearly 
double the amount of light is given out by the best 
types of center draft lamps compared with the or* 
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dinary duplex burners. Careful experiraents, how- 
ever, do not indicate such a gain. Experiments 
were made in the Chicago, Milwaukee & St. Paul 
laboratory, and reported by Mr. Geo. Gibbs, Me- 
chanical Engineer, in a paper before the Western 
Railway Club last spring (see Engineering News, 
March 14, 1891) to determine the relative eflSciency of 
several different types of burners. Those tested 
were the Moehring Argand burner (see " Car Build- 
ers' Dictionary," p. E 205, Fig. §72), the ordinary du- 
plex burner, and the Acme, a center draft burner 
made by Adams & Westlake. The following table 
»hows for each the total candle power in the car, the 
total cost for oil per hour (at 9 1-5 cts. per gall.), and 
the cost of the oil burned in cents per candle power 
hour. We have added to the latter column the fig- 
ures for the Belgian burner, another improved cen- 
ter draft lamp, taken from the report of experi- 
ments make by Major D. P. Heap, U. S. A., for the 
Light House Board, and from the experiments made 
for Engineering News by Mr. W. D. B. Penniman, 
Chief Chemist, B. & O. R. R. 
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From the above table it appears that the central 
draft burners do not produce much, if any, more 
light from a given amount of oil than the old Moeb> 
ring and duplex burners. But though honors 
are easy in this respect, the central draft burners 
have a decided advantage in the increased amount 
of light iiciven out by a single lamp, in their greater 
freedom from smoking and in the smaller cost of 
keeping them in order. 

On the other hand, it should be said that some of 
the central draft burners produce so intense a beat 
as to whiten the glass chimney; and if pains is not 
taken to guard against it they may also overheat 
the oil reservoir. 

Desirable Qualities in a Car Lamp,— In. many 
respects, of course, the requirements of a lamp for 
car lighting are the same as those for household 
lighting ; but there are other respects in which ths 
requirements differ. 

One important requirement in a household lamp 
is that it shall not give oft a disagreeable odor. The 
products of combustion of car lamps, however, are 
generally carried off to the outer air by a ventilatin|^ 
flue over the lamps, so that this requirement is not. 
important here. In almost every other respect 
however, the requirements of car serv.ce are much 
more exacting than those of household service. The 
light should not flare, no matter at what rate the 
car is moving or the wind is blowing, and notwith- 
standing the drafts that may enter the car through 
doors, windows or ventilators. The wicks must 
not jar down with the motion of the car. The 
lamp tube should be warmed by the blaze enough 
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to facilitate the flow of the heavy oil used 
in car lamps, yet not enough to heat it any where 
near the point of vaporization. The preferable ar- 
rangement of the oil reservoir is on the student lamp 
principle, so that the oil will be fed by the wick 
from a constant level. The reservoir should be con- 
veniently removable for filling, but when placed in 
position it should be securely held in place, and the 
fastening of lamp, reservoir, or any other removable 
part sh ^uld be such as to make it impossible for 
careless employees to leave lamp or reservoir in an 
insecure position. Drip from the lamps should be 
guarded against, for the sake of saving carpets and 
clothing. Removable glass drip cups effect this ad- 
mirably. Finally the lamp and its supports should 
be designed with good taste, yet with such a finish 
that they may be easily kept clean and bright, for 
the labor of caring for the lamps is a principal item 
of expense in oil lighting systems. 

Various Styles of Lamps.— Th&t the center-draft 
lamp not only gives a great volume of light but 
meets to a good degree the other requirements of 
car lighting sery^ice, seems pretty well proved by the 
experience of Adams & Westlake, of Chicago, one of 
the principal firms manufacturing car lamps. They 
began offering the Acme center draft burner to their 
customers in 1888 ; and although the cost of lamps 
fitted with it is about 20% more than when fitted 
with duplex burners, we ucderstand that nine-tenths 
of their orders at present are for lamps fitted with 
Acme burners. Of this lamp the makers say : 

Tested photometrically the Acme burner shows a light 
many candle power greater than the popular M(»ehrmg, 
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Ar^and or the dual burners which have been heretofore 
conceded to be the best. The wick is a4justed by a 
thumb-wheel and ratchet. There is no tying of the wick 
with thread to keep it in place. There is no cone to the 
burner, hence no part of the flame is hidden from view 
and no light is wasted. Its combustion is perfect and the 
flame is steady, clear and strong. 

Another central draft burner in extensive use is 
made by the Dayton Mfg. Co., Dayton, O. The man- 
ufacturers inform us that this burner when tested 
to its utmost capacity gives a light of 68 c. p. From 
actual experiments with lamps in use on cars they 
have found that eacl^ burner will average 38 candle 
power. To remove this lamp from its supports for 
filling or cleanins:, the chimneys are removed and 
the lamps and reservoir are turned half way around, 
when they can be readily removed from the lamp- 
holder with no danger of breaking the shades. 

Another central draft lamp is made by Jas. L. 
Howard & Co., of Hartford, Conn., and is described 
as follows: 

The oil is held at a uniform level, near enough to the 
flames to prevent charring of the wick, while overflow is 
prevented by independent reservoirs to each burner. The 
constiuction of the burners allows the regular 1^ X 6 in. 
round wicks to be as easily put in as those in the ordinary 
flat wick burners, and a special friction device prevents 
their being jarred down by any motion of the car. The 
oil capacity is so proportioned that they will burn at 50 
candle power for 12 hours, or for a longer time if the 
flame is not carried quite as high. 

A "Safety" dome is permanently fixed to the center 
ring to receive the detachable fount, preventing the pos- 
sibility of displacing the fount in case of accident. The 
smoke bells and outside jacks protect the roof from heat 
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by giving free circulation of air between the wood work 
and the lamp ventilator pipes. 

The chimney springs are so made as to prevent their 
overheating and loss of temper and the oil is fed to the 
burners on the student lamp principle. 

A lairp for car lighting has been recently designed 
by Mr. Wm. Westlake, who was one of the 
founders of and was for many years connected with 
the firm of Adams & Westlake, of Chicago ; and 
though the lamp is not yet in practical use on cars, 
Mr. Westlake's long experience in the design and 
construction of lamps and his strong belief in this 
as one of the most meritorious of his designs we 
believe to be sufficient to warrant its illustration 
and description here. Coupled with this is the fact 
that the Belgian burner, which Mr. Westlakb 
has adopted for this lamp, showed in the tests by 
Mr. W. B. D. Penniman the greatest candle power 
and the smallest oil consumption for a given amount 
of light of any oil lamp tested. The list of lamps 
tested included (with two or three exceptions which 
we are glad to allow for, lest this statement should 
seem too sweeping) all the prominent makes of oil 
lamps for car lighting. The photometric tests of 
the Belgian lamp we shall describe at length in 
following pages ; but we may say now that it 
showed an excellent distribution of light as well as 
high candle power. 

As for the degree to which this lamp and burner 
would fulfil the other requirements of car lighting 
service, our readers must judge for themselves from 
the following description. Mr. Penniman's tests 
were for candle power and oil consumption alone. 
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The Belgian Burner.- This burner was designed 
by two Belgian inventors. In its general features it 
is similar to other central drafi lamps. Fig. 61| shows 
a vertical section of the burner. Its chief pecnliftri- 
ties are, first, the arrangements for securing a copi- 
ous How of oil through the wick, and, second, the 
peculiar construction of the flame spreader. The 
wick is woven in cylindrical shape, with an outmr 
and an inner layer, loosely connected, which tends 
to increase its capillarity. It encircles a fixed cen- 
tral tube, and is moved un or down by an outer tube 
to which it is attached by projecting barbs. Thos 
compression of the wick at any point is avoided!. 
To further facilitate the flow of oil, this wick carrying 
tube is made as an open framework, and has shal- 
low corrugations on its inner surface next the 
wick. 

This wick carrying tube has a rack on one side en> 
gaging with a pinion, by which the height of the 
wick is adjusted. This mode of moving the wick 
prevents the raising of one side more than another^ 

The direction of the air currents in the Belgian 
burner is shown by arrows. It will be seen that the 
flame spreader is made in two parts, the lower one, a 
flat disk, the upper, a cone shaped deflector. The disk 
is pierced by a seriesof small holes, and the air rising 
through them is heated and deflected by the cone» 
and strikes the surface of the flame near its top> 
where smoking and imperfect combustion are most 
likely to occur. 

While this burner has not yet been used in regular 
service on car lamps, it is among the most populair 
of central draft burners for household lamps and 
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received the first prize, a Rold medal, at the Paris 
Exposition of 1889. The manufacturers (the Belji^ian 
Lamp Co., 31 Barclay St., New York) claim sales of 
over 600,000 lamps per annum. 

The Westlake Lamp. — Fig. 62 shows in elevation 
and partial section the car lamp designed by Mr. 
Wm. Westlake, referred to above, it will be seen 
that there is no open space between the top of the 
chimney and the head lining. The shade is attached 
to a metal ventilator extending upward to the head 
lining and connecting with a ventilating jack on the 
car roof. Thus all heat and products of combustion 
are carried out of the car, and in addition a consider- 
able amount of ventilation is produced by the cur- 
rent of air induced by the heat of the lamp. 

The lamp may be lighted without removing the 
chimney by thrusting a gaslighter up the central 
tube. The drip cups are made to swing to one side 
to facilitate lighting the lamps as well as cleaning 
the cups. 

The construction of the oil reservoir and the lamp 
supports is evident from the drawing, which shows 
them lowered from their ordinary position for 
removing or replacing. It will be seen that the 
reservoir is surrounded by an air space, and there 
is a free passage for the heated air with any odor 
arising from the oil to the ventilating opening at 
the top of the central suspending tube. These 
three openings in the car roof are covered by a 
single ventilating jack on the outside, as shown 
by the drawing. 

Lamps for Exposed Situations, — Where a con- 
siderable amount of wind or strong drafts are liable 
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to occur around a lamp, the ordinary duplex burner 
gives better satisfaction than any form of central 
draft burner. For lamps in this situation, moreover, 
special arrangements for air supply are generally 
made. The lamp supports are hollow with openings 
near the roof of the car, and the burner is so inclosed 
that air must pass down these tubular supports to 
reach it. Thus the points of entrance and of exit for 
the air used bv the lamp are close together, and a re- 
verse draft cannot be set up in the lamp chimney. 
Of course the friction of the air in passing throujorh 
these long passages somewhat retards the draft .of 
the lamp chimney; and a longer chimney is needed 
than with the lamp with open burners. 

CORRESPONDENCE. 

Dayton, O., Oct , 7, 1891. 
To THE Editor op Evginkerinq News: 

Sir: 1q your article on oil lamps for lightingr, you have 
indirectly represenied that our lamp was an imitation or 
copy of the lamp made by the Adams & Westlake Co., of 
Chicago, xhat is to say, a person reading your article 
would suppose such to be the case; and as facts are quite 
the contrary, ID justice to the company you shooid be 
made more familiar with the ori^^in of the burner. 

The writer himself is the inventor of the burner, having 
gotten it up in 1877 or 1878, and it has been in constant use 
and has been manufactured since that time by Post So Co., 
of Cincinnati, and can be seen in their catalogue published 
after that date. The Adams & Westlake Co. simply 
changed the manner of raisi igr the wicks toav^id the pat- 
ent, substituting: for the wick raisins: device of the 
original burner the old rack and pinion movement; 
otherwise the burner is oractically as ori$?inaIly made. 
Jnclosed please flid illuscration of original burner 
taken from Post & Co.'s catalogue for 1881. 

J. KiRBT, JR , Gen. Manager Dayton Mfg. Co. 
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Chicago. III., Oct. 9, 1891. 
To THE Editor op Engineering News : 

Sir: The paper on oil lamps for car illuminating in your 
issue of Oct. 10 is interesting and in the main satisfac- 
tory, but there are a few statements which are not 
strictly in accordance with the facts. 

We are the pioneers in the introduction of the large oil 
burner for car illuminating, or rather the first ones to 
offer a large burner that would work satisfactorily. Some 
years ago a large Argand burner was introduced for rail- 
way service by a manufacturer, but the results obtained 
were so unsatisfactory that the burner was soon aband- 
oned. 

We took up the question of large burners a few years 
ago. spending some six or eiorht months experimenting 
befoie we placed our "Acme" burner upon the market. 
Since the success of this burner it has been copied by 
most of the other lamp makers. 

In this connection we beg to call your attention to the 
statement made in your article that "if pains is not taken 
to guard against it, the central-draft burners may over- 
heat the oil reservoir. "- The result of actual thermomet- 
ric test with one of our standard **Acme" lamps shows 
that after the lamp had been burning continuously for 
hours in a closed room, free from drafts which would tend 
to cool the reservoir, the difference in temperature be- 
tween the atmosphere of the room and the oil in fount 
was only l^° Fahr., and that the oil reservoir when re- 
moved from the fount was not perceptibly warmer to 
the touch than the surrounding air. and this too without 
any shade on the lamp to intercept radiation from the 
bnrner to the fount. When it is considered that with a 
car heated to the extreme temperature of 80*^ the oil in 
fount would be only 90**. and that the flash test of the 
oil used is 300°, it will be seen that there is not the re- 
motest danger of overheating the oil. While the whiten- 
ing of the glass chimney to which you refer may be a 



158 

weak point in some center draft bnmers. and was en- 
countered iu our original experiments out of wbioh the 
"Acme" burner was evolyed. it is one which we hare auo- 
cessfuUy overcome. 

The candle power of the " Acme ' lamp arisen in Mr. 
GiBBS' paper is away below that sbown in many photo- 
metrical tests we have made in our shops. We have never 
laid much stress on rhe candle power of our lamps in 
cents per hour^ aa we know from long experience that omr 
railway friends care les? about this than about the intent 
sity of light per burner. This may seem a somewhat pe- 
culiar view of the matter, but when followed up to a con- 
clusion it proves to be grouaded on good economy. Sup- 
posing, as a basis of comparison, that the "Acme" burner 
required just as much oil per candle power of light pro- 
duced as the "Moehring," or ** Duplex," yet the fact re- 
mains that each *'Acme" will give out twice as much light 
as one of the others and therefore three **Acme" chadel* 
iers will light a car quite as w«^ll as six of the others. As 
the items of labor and breakage constitute the chief ex- 
pense in the malncenance of the lighting system, that 
burner which necessitates the least number of lamos to a 
car must clearly be the most economical. Consequently, 
even upon the showing of Mr. Gibes, the "Acme" burn«? 
requires one half the outlay for lamps in reckoning original 
equipment, half the Kbor necessary to care for them and 
half the number of possible breakages as compared with 
the "MoehriDg" and "Duplex." 

We should say with the flame of the "Acme" burner at 
the height used In a railway car, the average candid 
power would be bstwesn 40 and 50; therefore, with a large- 
ly increased candle power and but a small increase in the 
consumption of oil, it is obvious that the "Acme" burner 
is an advance in the right direction. 

In the figures quoted in your table you give the cost of 
oil per caudle power per hour for the "Acme" burner at 
9.00116. From actual test, a gallon of SOO'' mineral oil 
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would snpply one *'Acme'* burner for a period of 24 hocfra* 
and taking the light at a very conservative flffure, say 10 
c. p . the cosi of candle power per hour, with oil at 9.2 
eta. per gali., would be $.00095, or the same as Major Heap 
obtained from the ^'Belgian" burner. 

We were the first to introduce the glass drip cup to 
which you refer, and we agree with you heartily in its ad- 
vantages over the old style metallic cup. 

The use of the cylindrical wick raiser referred to a» 
one of the characteristic features of the " Belgian" burner 
is not new, and is used on our "Acme" burner. Our 
wick raiser is an open shell made of perforated metal. 
tb]is allowing free access of the oil to the inclosed wick, 
and at the same time disposing of the rack, for the reason 
that the teeth of the adjusting pinion engage directly 
with the perforations of the wick raiser- One advantage 
of this method is that the wick may be put in the burner 
at random without turning any particular side- toward 
the burner, as the perforations practically form a con- 
tinuous rack all around the wick tube. Furthermore, in 
raising or lowering the wick it is not possible for one side- 
to be raised higher than the other, the wick moving a» an- 
entirely. 

The flame of the '*Acme*' burner is* remarkably insen- 
sible to varying air currents, and in connection with our 
patented smoke bell and improved roof jack gives a 
steady, reliable light and admirable ventilation. 

TsR. Adams Sc Westlake Ca 
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Electric Lighting. 



It is safe to say that there has been more work 
done on the designing aod perfecting of electric 
car lighting systems than on all other systems of 
car lighting combined. The most progressive rail- 
ways in America, Great Britain, France, Grermany 
and Belgium have assisted and encouraged the in- 
ventors who during the past five years have vnrestled 
with the problem of designing a commercially suc- 
cessful electric lighting system for railway trains. 
In fact there are few innovations in railway prac- 
tice which have met with such general favor as the 
introduction of the electric light for use on trains; 
and the experiments have been in many cases per- 
sistently kept up at a large outlay for a considerable 
time. 

There are many reasons for this popular favor of 
electric car lighting. Its admitted great advantages 
in cleanliness, safety, and freedom from heat and 
odors, the great success of stationary electric light- 
ing, the popular interest in electrical progress, are 
among the chief reasons. Besides this the electric 
light is generally considered a luxury; and for the 
fitting up of the fast express trains which are a 
prominent feature of modern railroading, luxuries 
of every sort are in demand. 

The great diflSculty in lighting trains by electricity 
is in furnishing the electric current to the lamps at 



161 

all times and places where it is needed, not only 
when the train is running, but when it is standing 
still, when the locomotive is detached, and even 
when the cars are separated from each other, as in 
the case of sleeping cars which stand at a station 
for the entry of passengers for hours,perhaps, before 
starting on their journey. These difficulties have 
been met in various ways; and the methods em- 
ployed for overcoming them constitute the chief 
point of interest in the various methods of electric 
car lighting which have been proposed or tried. We 
may classify these methods as follows: 

I. Primary battery system.—lu which the current 
is furnished from some form of primary battery. 

II. Storage battery system,— In which the current 
is furnished entirely by storage batteries which are 
charged with electricity from stationary plants at 
the ends of the trip. 

III. Direct dynamo system,— la which the elec- 
tricity is furnished from a dynamo at some point on 
the train directly to the lamps. 

IV. Combined dynamo and storage battery sys* 
tern.— In which the storage batteries are charged by 
a dynamo on the train, and the current from the 
dynamo is supplemented by that from the storage 
batteries, or vice versa. 

V. Track wire system,, — In which an electric wire 
is run along the line of the road and the current is 
taken from it by a trolley or shoe on the train or on 
each car of the train. 

In order to discuss Intelligently the relative merits 
of these systems it is necessary to understand bow 
much light is likely to be required and how much 
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electrical energy will be rpqaired to furnish this 
light. An ordinary passenger car is well lit with 
160 c. p. of light, although more than this is 
required if brilliant illumination is desired, and 
considerably more is necessary to satisfactorily 
light sleeping and parlor cars. European standards 
of good practice in car lighting are much lower than 
ours, as was shown in our article on oil lamps. For 
this reason experiments in electric car lighting 
have been more readily made there, and have been 
considered successful; whereas the sam« experi- 
ments, if made here, would have been considered a 
failure on account of the insufficiency of the light 
furnished. This fact is to be borne in mind in con- 
sidering the reports of European experience with 
some of the systems of electric lighting which have 
not found favor here. 

Taking 160 candle power per car as the amount of 
light necessary, experience shows that a fairly effi- 
cient plant of lamps and wires ought to furnish this 
from 1 HP. of electrical energy. An 8-car train will 
therefore require 8 HP.; and remembering that on 
th^ express trains, for which electric lighting is 
chiefly used, several of the cars will be parlor or 
sleeping cars requiring 40 or 50 more candle power, 
of light, also that the loss in converting chemical or 
mechanical energy into electrical energy must be 
provided for, we see that the steam engines of 12 to 
15 HP. commonly used for train lighting are none 
too large for their work. 

Taking up now the primary battery system, it is 
plain that even if no more than 5 electrical HP- 
are necessary for lighting a train, under existing 
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conditions the primary battery cannot possibly 
compete with other methodts of generating the cur- 
rent. To produce an electric current from a primary 
battery, zinc or some other metal is burned in an 
acid bath; and the quantity of zinc and chemicals 
which it would be necessary to use up in order to 
produce 5 HP. of electrical energy makes the prim- 
ary battery out of the question for this as for other 
places where large amounts of power are required. 
This question was well handled by Mr. Geo. Gibbs 
in his paper before the Western Bailway Club last 
spring (see Eno. News, March 7, 1891) in which he 
stated that the costof electrical energy from primary 
batteries was at least 40 times as great as the cost of 
the same energy from a steam engine and dynamo. 
Nevertheless, so great is the faith of inventors in 
their pet bobbies and of the public in the possibilities 
of electricity, that this system has been repeatedly 
tried abroad. One train is said to have run for nearly 
a year between Paris and Brussels lit by electricity 
from bichromate batteries ; and experiments have 
also been made in England. So far as we can learn, 
no trial of the system has ever been made in this 
country. It was reported in 1887 that the scheme 
was to be tried on the New York Central & Hudson 
River R.R., and within a few weeks a statement 
that the New York & New England R. R. was to 
equip one car with the primary battery developed 
by the Safety Electric Light Co., of Boston, has been 
published. A letter from Mr. C. A. Cotton, Elec- 
trician of the Safety Electric Light Co., does not 
confirm this, but says that they "have been very 
successful, and are preparing for active business.*' 
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Of the fifth system named above, furnishing elec- 
tricity to the train from a wire along the track, it is 
evident enough that it is not generally applicable to 
railway service. On a line where trains run very 
closely and where the same trains are kept running 
all the time, as, for instance, on elevated rail- 
ways, there seems reason to believe that this would 
be an effective and economical method of lighting. 
Cars on electric railways are generally lit by thia 
system, the current being taken from the trolley 
wire. On one railway in England and one Russian 
railway this system is in operation for lighting 
trains while passing through tunnels. This is, of 
course, practically applicable only where compara- 
tively few cars are to pass through the tunnel, and 
to Americans it seemh a very roundabout method 
of reaching a simple end. Instead of wiring 
and equipping with lamps a hundred or more cars» 
merely to light them while passing through a. tan« 
nel, it would seen> manifestly cheaper and better to 
light the tunnel, arranging automatic devices, if de- 
sirable, to turn on the current only during the pas- 
sage of the train, or perhaps in long tunnels usinff 
the lamps only in that section in which the train is 
running. 

There remain, then, three systems of electric train. 
lighting for consideration: the storage battery sys- 
tem, the direct dynamo system and the combined 
dynamo and storage battery system; and it is by 
these systems that practically all the electric trftia 
lighting has thus far been done. 

THE STORAGE BATTERY SYSTEM. 

One of the earliest applications of the storage bat- 
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tery after it was perfected to the point of commercial 
availability was to the lighting of railway trains. In 
August, 1882, some Faure accumulators, brought to 
this country from France, were tried for a few days 
in passenger coach No. 397 of the Pennsylvania R. 
R.; and so far as we can learn, this was the first in- 
stance of railway car lighting by electricity in this 
country. It was also among the first instances of 
the electric lighting of a railway car in the world. 
Experiments were made somewhat earlier in the 
same year on the Paris, Lyons & Mediterranean Ry. 
in France, where a train was lit by ten 20 c. p. Swan 
InceLndescent lamps (about enough to light fairly well 
one American sleeping car) furnished with current by 
a Gramme dynamo, driven by a belt from a pulley on 
the car axle. 

The first instance of the electric lighting of a rail- 
way car of which we have been able to find any 
record was on the London, Brighton & South Coast 
Ry. in England. In October, 1881, a Pullman car 
on this road was fitted with storage batteries and 
employed in regular traffic between London and 
Brighton. The batteries were charged during the 
night at London by a special engine and dynamo. 
The system was soon extended to the lighting of 
whole trains; but the inconveniences of charging the 
batteries at the station led to the modification of 
the system by the addition of a dynamo driven from 
the car axle. 

The results of the Pennsylvania Railroad*s first 
experiments encouraged the belief that when the 
storage battery was somewhat improved it could be 
successfully used for electric car lighting. In the 
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summer of 1884, experiments were made at Altoona 
under Dr. Dudlfy's direction with the Brush storage 
battery; and their success was such that eight parlor 
cars were equipped with incandescent lamps and 
put in service Aprill, 1885. Batteries made by the 
Electrical Accumulator Co. were afterward substi- 
tuted for the Brush batteries, and seven more parlor 
cars were fitted with the system in May, 1889. These 
cars, we believe, are still running. 

In 1886 two companies, the Eiectrical Accumu- 
lator Co. and the Julien Electric Co., began actively 
to push the storage battery for use in car lighting; 
and as a result of their labors several railways in 
1887 began the use of electric lighting from stor- 
age batteries on a considerable scale. The Boston &; 
Albany began lighting a Boston suburban train with 
current from Julien batteries in January, 18S7, and 
on March 29 two express trains between New York 
and Foston were completely equipped with the 
electric light. Each car had 22 lamps (16 c. p. each) 
and a 60cell battery weighing about a ton. The 
batteries were charged without removing them from 
the cars, and as a consequence each train had to lie 
at either terminus for about 10 hours while the bat- 
teries were being charged. Notwithstanding thia 
Mr. G. W. Blolgett, electrical engineer of the Bos- 
ton & Albany R. R., in a paper written soon after 
these trains began running, waxed enthusiastic over 
the system and said: *'In the near future we may 
be reasonably certain that electric lamps in the cars 
will be as common as the air brake and Miller plat- 
form." 

In the latter part of 1887 the Canada Atlantic Ry. 
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equipped an express train with Julien batteries, the 
first run being made Nov. 2, and the Intercolonial 
Ry. equipped two trains of 9 cars each with the same 
system. The Burlington, Cedar Rapids & Northern 
put two trains in service on March 10, 1888. equipped 
with Electrical Accumulator Co.'s cells. Another, 
and perhaps the most prominent experimenter was 
the Pullman Car Co., which equipped two of the 
New York & Chicago Limited trains over the Penn- 
sylvania Railroad in 1887, one with Electrical Accu- 
mulator cells, and the other with Julien cells. Sev- 
eral other companies experimented with one or 
other of the systems to quite an extent. Thus the 
sum total of experience with ' the storage battery 
was sufficient to enable a fair opinion to be formed 
as to its merits or demerits for car lighting use. 

It must be confessed that this experience has 
shown considerably more demerit than merit in the 
system. The excessive first cost, when the train is 
furnished with enough light for brilliant illumina- 
tion, and the excessive cost of maintenance, owing 
chiefly to the short life of the storage batteries, even 
when handled' with the greatest care, are two great 
obstacles to any general use of the system; but the 
greatest objection from an operating standpoint is 
the trouble of exchangino: the spent batteries for 
the charged ones. It is quite out of the question to 
throw the car out of service for the length of time 
necessary to charge the batteries. It might be done 
for a lew trains, and has been done by the Boston & 
Albany and some other roads;but that it could not be 
generally done with all the passenger trains of a rail- 
way is too plain to need proof. On the other hand,to 
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remove a ton of spent batteries from each car at the 
end of each trip, and replace them by a 
ton of fresh batteries is a most serious burden, if 
any considerable number of cars are equipped. 
Placing the cars in convenient position, holdinsc 
them there while the work is being done, handling: 
the heavy batteries, and making the connections in 
proper shape— all these things mean expense and 
delay. There are, too, other annoyances in the use 
of storage batteries of which we shall speak farther 
on. Those already named^ however, furnish ample 
explanation for the fact that the storage battery 
system of lighting seems to have gone out of use as 
rapidly as it came in. The Boston Sc Albany aban- 
doned it in the fall of 18S9 after about two and one 
half year's trial; and we believe that some Inter- 
colonial cars and some Pennsylvania parlor cars are 
the only ones in America now lit by storage batteries 
alone. The Khotinsky system, in use on the 
Fulda-Frankfort and Berlin-Frankfort lines, is the 
only instance we now recall abroad. 

DIRECT DYNAMO SYSTEM. 

In this system the use of storage batteries is eii> 
tirely dispensed with, and electricity is furnished to 
the whole train from a dynamo placed at some point 
on the train, and run by a small steam engine. As 
noted above, almost the first rail way train ever lit by 
electricity that run in 1882 on the Paris, Lyons & 
Mediterranean Ry. used this system and it has also 
been tried on a German railway, on the Metropolitan 
Ry. of London, on the Lancashire & Yorkshire Rv., 
and on the Great Eastern Ry. A train on the London 
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& Northwestern Ry. began running Aug. 6, 1884, lit 
by electricity from a dynamo placed on the tender 
and driven by a small steam engine under control 
of the engine driver) This train is still running. 

In this country the direct dynamo system was 
taken up by the Chicago, Milwaukee & St. Paul in 
1889. A full account of the system as worked out 
on that road by Mr. Geo. Gibbs, to whose ingenuity 
most of its details are due, will be found in our 
issue of March 12, 1891, p. 235. Briefly, the engine 
and dynamo are placed in the end of the baggage 
car or in winter in a separate car designed especially 
for them, and are started running as soon as the 
train is made up. Each car is equipped with an 
auxiliary outfit of oil lamps, which is used to fur- 
nish light before the train is made up. 

It will be noted that the chief danger of oil 
lighting (spillinfiT the oil in case of accident) is 
retained with this system. This could be obviated 
by the use of candles for the auxiliary lighting ap- 
paratus in place of oil lamps, provided the electric 
system can be made sufficiently reliable to make the 
use of the auxiliary system while running necessary 
only in rare instances. 

The Chicago, Milwaukee & St. Paul has 62 cars 
equipped for this system, and finds it much more 
satisfactory than the combined storage battery and 
dynamo system, which they tried for a year before 
adopting the direct system. 

There is little doubt that this system is cheaper 
than any other electric lighting system. For 
through express trains, where the cars are kept to- 
gether for long distances, it seems to be well suited. 
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Whether for trains makin(c runs of moderate length, 
dropping a car at this junction and picking up an- 
other at that, thi» system could be applied with 
practical success, may well be doubted. On such 
trains the auxiliary system would be in frequent 
use, and the cost of its maintenance, including 
breakapce, cleaning, &;c., would be little less than if 
the car were lit by the oil lamps all the time. Such 
an expense is hardly one that can be generally 
bori^e: and in addition the nuisance of having to 
light the oil lamps in the whole train every time it 
was desired to set off a car near the head would be 
sufficient to condemn it in the minds of most rail- 
way managers. 

THE COMBINED STORA&B BATTERY AND DYNAMO 

SYSTEM. 

This system is in more exten^ve use for train elec- 
tric lighting than all other electric systems com- 
bined. It is susceptible of much variation, accord- 
ing as the dynamo or the storage battery is made 
the prominent feature. At one extreme the stor. 
age battery is considered merely as an auxiliary to 
relieve the dynamo of excessive load and furnish 
light in case of stoppage. At the other the storage 
battery is the main feature and the dynamo is intro- 
duced to keep the battery charged and avoid the de- 
lay and the handling of the batteries at terminals, 
which we have seen to be chief objections to the 
storage battery system used alone. Another point 
of variation is in the di -position of the storage bat* 
teries, which are sometimes distributed to each car 
and arranged to keep the lights burning when 
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the car is cut off from the train, and in 
other systems are all placed underneath the 
baggafce car floor. Of course, this latter plan cuts 
off the light from the cars in case the train is 
broken, the same as the direct dynamo system ; but 
the disadvantages which at present attend the use 
of storage batteries, such as fumes, decay of car tim- 
bers through leakage of acid, and necessity of fre- 
quent repairs are, of course, less important when the 
batteries are all in one place. The wiring is also 
simpler, cheaper, and perhaps less liable to derange- 
ment with the storage batteries close to the dynamo 
than when they are distributed through the train. 

Another point in which systems difl'er is in the 
method of driving the dynamo. A favorite method 
abroad has been by a belt from a pulley on the car 
axle. This was tried on the Connecticut River R. R. 
by Mr. S. H. Barrett ; but it has never been used 
in this country to any extent. We believe, however, 
that the system of electric train lighting on which 
the engineers of the Consolidated Car Heating Co. 
are now at work, will take power from the car axle 
to drive the dynamo, and will use storage batteries 
on each car. 

ELECTRIC TRAIN LIGHTING IN ENGLAND. 

The advantages of driving the dynamo from the 
car axle instead of by a separate engine are not a 
few. The heat, steam and vibration of the engine 
are avoided, the latter especially being sometimes 
quite serious. The space occupied by the engine is 
probably less than that by the belting connections 
from the car axle; and the system is claimed to be 
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cheaper, both in first cost and cost of operation, than 
the system using a separate engine. The mechani- 
cal difficulties in devising an apparatus which will 
automatical!}' connect and disconnect the dynamo 
as the train rises above or falls below the necessary 
limits of speed seem to have been successfully met 
abroad; and in England this system is the one in 
most extensive use for train electric lighting. 

The London, Brighton & South Coast Ry., of 
England has had a long experience with this system, 
having used it since 1883. In the early part of the 
present year 16 trains were running on that road lit 
by electricity, and 6 more were being fitted. On 
the whole, electric lighting seems to have been 
effected there with as litcle inconvenience and at 
as moderate cost as on any railway in the world. 
The average train lit is 10 cars in length, and has 40 
to 70 lamps of from 8 to 16 c. p. The dynamos have 
a maximum capacity of 5,000 watts (nearly 7 electri- 
cal HP). The accumulators are all on the car which 
carries the dynamo, so that the train cannot be 
broken without extinguishing the lights. 

The system as used on that road was the joint 
invention of Mr. Houghton, electrician to the com- 
pany, and the late Wm. Stroudley, its mechanical 
superintendent. In a paper before the Institution 
of Civil Engineers in 1885, Mr. Stroudley described 
the general features of the system, and presented a 
drawing illustrating the apparatus for driving the 
dynamo from the car axle, which we reproduce here- 
with (Fig. 63). A great merit of this system from 
the economical point of view is the small attend- 
ance required. An inspection and oiling is made at 
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the end of each trip, but no regular attendant is 
required on the train. The cose of skilled attend- 
ance is the largest item in the maintenance account 
of the American systems which use a special engine 
to drive the dynamo. 

Notwithstanding the apparent success of this sys* 
tern of electric lighting, the managers of the Lon- 
don, Brighton & South Coast have recently de- 
termined to discard it and adopt the Pintsch gas- 
light system in its place. Whether it was the matter 
of expense, the inconvenience of not being able to 
split UD trains without extinguishing the lamps, or 
some other reason that led to this decision, we are 
not informed. 

The apparent success of this system on the Lon- 
don, Brighton & South Coast, however, has led to 
its adoption by several other British railway com- 
panies. The Great Northern began lightiog a train 
with electricity on this system in July, 1888, and 
has 8 trains now running fitted with it. Two trains 
have been lit by this system on the Taff Vale lines 
and two others on the Cheshire lines. In all these 
cases the storage batteries are all located in the 
"guard's van,'* and the dynamo is also located there 
and is driven by belting from the car axle. The 
system is therefore open to the same objections 
which we found inherent in the direct dynamo sys 
tem . The train cannot be separated without ex- 
tinguishing the lights. 

To obviate this difficulty the Midland Ry. has 
modified the system by placing storage batteries on 
each car of the train, and has six trains now run- 
ning equipped in this manner. This system was re- 
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cently described at length by Mr. Wm. Lanodon in 
a paper before the Institution of Civil Engineers. 
The main points of interest in the installation are as 
follows : 

Both the "parallel** and the "series'* system of 
wiring have been tried; but the latter has been 
adopted as being manifestly the best, although it 
requires somewhat larger wire in the circuits. The 
first trains fitted had dynamos which gave a con- 
stant current output when a certain fipeed had been 
attained; but for later work a dynamo made by 
Holmes &; Co., of Newcastle, which gives a current 
proportional to the resistance of the circuit and of 
constant electromotive force, has been employed. 
Carbon brushes are used on the dynamos, having 
been substituted with much advantage in place of 
the wire gauze ones formerly employed. They are 
placed radially to the commutators, the lead being 
automatically altered to suit the direction of rota- 
tion. 

On the spindle carrying the armatures there is 
also arranged a reversing switch, actuated by fric- 
tion disks which come into contact when the spindle 
slows down, but run free on its attaining any 
degree of speed. The duty of this reversing switch 
is to insure that the current shall always be in one 
direction, whichever way the vehicle is running. 

Fig. 64, which we reproduce from the plates ac- 
companying Mr. Langdon's paper, illustrates the 
method of driving the dynamo from the car axle. 
It will be noticed that the driviug gear is double, to 
prevent stoppage of the plant by mishaps to either 
belt. The pulleys on the axle are 21 ins. diameter. 
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those on tbe countershaft are 16 ins. diameter, and 
the dynamo pulleys are 9 ins. diameter. It is not 
claimed that the arrangements shown are the most 
efficient that could be devised, as the proportions 
adopted were largely determined by the location of 
parts of the car gear which it was not desired to in- 
terfere with. The total weight of the dynamo with 
bed plate is 1,680 lbs., and the weight of the counter- 
shaft, pulleys, &:c., is 1,456 lbs. 

The storage batteries used are of the " E. P. S." 
type, supplied by the Electrical Construction Ck). 
Where trains are not to be uncoupled, the practice is 
to put the dynamo in the guard *s compartment and 
the battery cells in an adjoining one. On main line 
trains each vehicle carries its own storage batteries, 
18 cells beincc awarded to each, giving a cur- 
rent of 35 volts. Mr. Langdon advises in arranging 
accumulators in the train to set them so that the 
plates will be longitudinal with the train, to prevent 
them from breaking away from the shoulder piece 
to which they are attached. To avoid the possibility 
of an explosion from the accumulation of hydrogen, 
there should be provision for good ventilation of the 
cells and of the place in which they are stored. 

Where the accumulators are all in the guard*s van, 
the total weight of batteries used is 3,572 lbs. for one 
set of batteries or double this weight for two sets. 
Where accumulators are placed on each coach, the 
weight per vehicle is 1,000 lbs. for vans and coaches 
with seven compartments and 720 lbs. for coaches 
with six compartments. As to durability, the posi- 
tive plates have lasted nearly two years, and some 
of them are now being replaced. 
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The electrical couplings on the Midland have been 
designed with much care to secure a coupling which 
can be easily and certainly n>ade and which will pro- 
vide good electrical connection. Indeed, Mr. LA.N€h 
DON considers this one of the most important details 
of an electric train lighting system; and he believes 
that steps should be taken toward the adoption of a 
uniform design and location for such couplings. 

Besides the six trains equipped with the system 

outlined above, the Midland Ry. has 4 trains fitted 

with different types of motor connected direct to 

the dynamo. These with the respective weights are 

as follows: 

Weight of: 

('ombined 
Motor and dynamo, apparatus. Case. Total. 

Parson '8 electro-turbo gene- lbs. lbs. lbs. 

rater 1,064 148 1,612 

Ne wall engine and Kapp dy 

name 1,512 224 1.738 

Brothcrbood engine and 

Holmes dynamo 1,987 336 2,323 

Rig)? enR:ine and Holmes 

dynamo 2,016 1,008 8,024 

These dynamos and motors are set in their eases 
on the rear of the tender and take steam from the 
locomotive boiler, the steam supply being under the 
control of the engine driver. The entire appaiatiu 
is not touched from the beginning of the trip to the 
end, according to Mr. Langdon. It is intended to 
make a careful comparison between the system of 
driving from the axle and driving by independent 
motor and determine which method gives the best 
results. 

To care for the electrical apparatus on these ten 
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electric lighted trains, a staff of six train attendants 
and a manager is provided. Two men are at the 
London terminus and four are at principal stations, 
where their duty is to inspect the apparatus on ar- 
riving trains, and if necessary ride through the next 
section and see that all is right. 

In answer to the question whether the electric 
light is safe and reliable, Mr. Langdon says that 
the electromotive force of the current employed (35 
to 50 volts) is so low that a child could suffer 
no harm from it. There is no reason why the same 
safety which characterizes its use in stationary prac 
tice should not attend its use in lighting trains. The 
experience in train electric lighting, too, has now 
been extensive enough to make the fact that no 
casualties have thus far occurred from it one of 
some importance. 

As to reliability, it is undeniable that failures 
have occurred; but Mr. Langdon contends that 
they have in all cases been due to causes which can 
be traced and obviated. It is true that the lights 
are not as brilliant when operated by the battery 
alone as when the dynamo is at work, unless the 
capacity of the battery is unusually large; also that 
slight variations in the light may occur when the 
train travels at very high or very low speed (in the 
system taking power from the car axle). But unless 
the parts are improperly proportioned, there is no 
such variation as to interfere with the comfort of 
the passengers. 

The total number of railway carriages now lit by 
electricity in England, according to Mr. Langdon, is 
365 coaches and 57 vans. 
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In the discussion on this paper it was pointed out 
that the use of electric light necessitated an addi- 
tional coupling between the cars. Mr. W. F. Pet- 
TiGREW described experiments with a train of ten 
cars lit by 35 lamps, current being furnished from a 
rotary high speed engine and dynamo, mounted on 
the locomotive boiler. With this system, however, 
the equipment of seven locomotives was necessary 
in order to handle only four suburban trains, and 
this seems to be a marked disadvantage in placing 
the dynamo on the locomotive. Mr. W. H. Pbeece 
alluded to experiments made by him in 1884 on the 
London & Southwestern Ry. A train was fitted 
with an air compressor driven from the car axle, 
and the compresed air was used to drive a small 
3-cylinder engine which turned the dynamo 
and maintained the light when the train was stand- 
ing still. The plan failed from its expense, and be- 
cause every carriage had to contain the source of the 
light. At that time he had little faith in storage 
batteries; but now no electrical device is coming 
into use more rapidly, and he believed that in four- 
teen years there would be 160,000 railway carriages 
fitted with electric lights. 

Mr. Stephen Terry described a system of train 
lighting built by Messrs. Bumstead & Chandler 
and Cromptcn for use on the Government Railways 
of Cape Colony. The system is the *'direct dynamo*' 
without storage batteries (described above). An 
independent boiler is used, furnishing steam to a 
tandem compouRd engine. The whole plant is 
placed iu the guard's van, and exclusive of the 
boiler weighs only 1,210 lbs. Two trains lit by this 
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system have been in use for about two years, and 
two more have just been put in service. 

AMERICAN PRACTICE IN THE COMBINED DYNAMO 
AND STORAGE BATTERY SYSTEM. 

The chief user of the electric light on railway trains 
in America has been the Pullman company. Their 
early introduction of the storage battery system to 
liajht two of the Pennsylvania limited trains between 
New York and Chicago, we described last week* 
Very soon, however, the charging fiv changing of 
the storage batteries at the terminals was found to 
cause too much delay and expense; and while the 
storage batteries were retained under each car, thus 
rendering it independent in case of necessity, an 
Eickemeyer dynamo and Brotherhood 3-cylinder en- 
gine, taking steam from the locomotive boiler, were 
placed in the baggage car to keep the batteries 
charged and light the train. A space in one corner 
of the baggage cars, 3)^ x 6 ft. 3 ins., is partitioned 
off with latticework; and the engine and dynamo 
are placed inside, both being mounted on one cast- 
iron bed-plate. The steam from the boiler is passed 
through a reducing valve, and reaches the engine at 
a pressure of about 60 lbs. The exhaust steam is 
passed into the car heatins: pipes, which causes 
about 15 lbs. back pressure. Both engine and 
dynamo are automatically lubricated, the supply of 
oil being sufficient for two round trips. The 
dynamo at 900 revolutions gives about 80 amperes of 
current of 80 volts E. M. F. 

Under each car are 32 storage battery cells, weigh- 
ing with their boxes about 1,300 lbs. When the 
dynamo is running, the batteries furnish about 30/^ 
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of the current, and when the dynamo Is not ronning^ 
they of course furnish all the current. The batteries 
are charged by running the dynamo several hours 
during the day when the lamps are not lighted. 
An attendant (whose salary is $90 per month) 
makes the trip regularly with the train, and an ex- 
pert also examines the train at the terminal stations. 
The perfection of the details of the system in use on 
the Pullman trains has been chiefly due to Mr. A. H. 
Bauer, the manager of the Pullman Company's 
electrical department. The system is in use on the 
Pennsylvania Limited trains between New York 
and Chicago, the Chesapeake & Ohio's "F. F. V." 
express trains between New York and Cincinnati^ 
and on a number of the important express trains be- 
tween Chicago and principal Western points. 

COMPARATIVB COST OF DIFFERENT ELEGTBIO 

SYSTEMS. 

On the question of reasonable cost more than on any 
other, the practical success of electric car-lightin£^ 
depends. Everyone admits that the electric light is 
cleaner and more pleasing than any other, and lends 
itself more readily to decorative effects. It can be 
divided into smaller units than any other, and can 
be placed in more advantageous positions; for in- 
stance, it may be used for reading lights or berth 
lights. It is absolutely unaffected by drafts. It 
maintains its original candle power better on the 
whole than any other light, and is less dependent for 
its excellence on the faithful care of the trainmen. 
Its safety will hardly be questioned; and while it is 
confessedly a little weak in the matter of reliability, 
yet if installed and maintained with proper care it 
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ought to be reliable enough to dispense with any- 
thing but candles for auxiliary lighting. 

Conceding, then, these important advantages of 
the electric light, the question as to the advisabil- 
ity of its use turns upon matters of cost and con- 
venience. Or, to adapt an old proverb which is 
peculiarly pat in this case, we must see whether the 
candle is worth the gamel 

Further, as the merits of the electric light itself 
are pretty much the same, no matter what system 
is used for providing the current, the question what 
system of electric lighting is best suited to compete 
with gas, oil and other systems in use, is also one of 
comparative cost and convenience. 

We have already seen that the track wire system, 
while possibly applicable with advantage to elevated 
railways, is manifestly unsuitedfor general use; and 
that the primary battery system* is certainly out of 
the race on account of its great cost if for no other 
reason. The storage battery system, too, has had a 
thorough trial; and, as at present operated, its ex- 
pense and inconvenience have proved it to be inap- 
plicable to general service. The field is narrowed, 
therefore, to the direct dynamo system and the com- 
bined dynamo and storage battery system. 

The fact that the former system requires the train 

*At the International Railway Congress held at Milan, 
Italy, in September. 1886, it was stated that a car was 
running between Brussels and Paris lit by 14 electric 
lamps of 10 c. p. (nominal) furnished with current from 
primary batteries. The first cost of equipment is 
^2. The cost of operation is abouo 73 cts. per hour for 
the car, or a little over 5 cts. per lamp hour, or }4 ct. per 
candle power hour. The battery cells have to be charged 
with new liquid every fourth trip, and new zincs are sup- 
plied every sixteenth trip. 
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to be kept solid and makes all the cars dependent on 
the plant in the baggage car for light is a practically 
insurmountable objection to the general use of the 
system. On express trains making long runs, and 
neither taking on or setting cars off on the trip, this 
system may be used, perhaps, without great incon- 
venience. Yet even here the cars have to be 
equipped with a complete set of oil lamps at all 
times ready for use. The stoppage of engine or dy- 
namo from any cause, the breakage of the steam 
supply hose, the separation of the train for any of 
the many causes which make such separation neces- 
sary in railway service, an accident to the baggage 
car necessitating its withdrawal from the train, — 
any of these various causes may leave the train in 
darkness until the oil lamps can be lit. 

Of these objections, those of most importance — the 
necessity of keeping the train solid and the extin- 
guishing of the lamps whenever the train is separ- 
ated — apply with equal force to that form of the 
combined dynamo and storage battery system in 
which the storage battery cells are all located on 
the same car as the dynamo. 

The conclusion is irresistible, then, that the only 
system of electric lighting thus far tried whicli 
stands a chance of competing in general service 
with other well known systems of car lighting 
is the combined dynamo and storage battery system, 
in which each car is supplied with suflBcient storage 
battery cells to light it for a considerable time, inde- 
pendently of the current from the dynamo. 

But while this system is admittedly the superior 
in convenience, the direct dynamo system and the 
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system having storage battery cells on one car only 
are certainly cheaper systems in first cost, and 
might perhaps be preferred by a railway manager 
equipping a few express trains only, with electric 
lights. "We have therefore collected figures of cost 
for each of these systems as follows: 

Direct Dynamo System. — The fullest and most 
reliable figures available for this system were given 
by Mr. Geo. Gibbs, Mechanical Engineer of the 
Chicago, Milwaukee & St. Paul Ry., in his paper 
before the Western Railway Club last spring (Engi- 
neering News, March 14, 1891). He gave the fol- 
lowing as a close estimate of the cost of equipping 
and operating a 50 ft. standard passenger coach with 
this system, the coach to have nine lamps, of 16 c. p., 
in the main body and one in the closet: 

First cost of equipment $395.40 

Cost of equipment per candle power 2.47 

Depreciation and 5% int. on first cost 36 35 

Total running cost per car per hour 9.83 cts. 

* lamp " 93 ct. 

" ** •* " candle power per hour 061 ct. 

The ** first cost of equipment" includes ^113 for 
auxiliary oil lighting equipment for each car, con- 
sisting of 6 Acme lamps in the main body and one in 
the closet. It also includes each car's proportion of 
the cost of the " light and heat tender," or separate 
car on which the engine, dynamo and boiler are 
placed, figuring on the basis of one tender car to 
each 15j^cars in service. The depreciation is figured 
at 10 % on the tender car and its equipment and 5 % 
on the wiring and the oil lamps. Lamp renewal \ 
are computed as part of the total running expenses. 
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The details of these "running expenses" for one trip 
in the month of October, 1890, were given as follows; 

Train of 10 cars. 

Running: time 11 hours. 

Maximum lamp load 152 

Average lamp load 87.3 

Indicated horse power hours 85.6 

Water per indicated horse power hour 67.8 lbs. 

Water per trip for lightlnR 4,918 lbs. 

Evaporation at boiler pressure per pound of coal. 5.7 lbs. 

Coalused per trip 868 lbs. 

Lamps per indicated horse power 10.5 

Coal per indicated horse power hour 10 Ibis. 

Cost of coal per ton. . . $2.00 

Cost of coal per horse power hour 1 cent. 

Attendance 95 25 

Lamp renewals (3 at 40 cts) 1.20 

Oil and waste .40 

Miscellaneous supplies and repairs. .80 

Coal for light .87 

Coal to haul car 2. CO 



Total cost per trip $10.52 

Or, per car per hour 9.54 cts. 

This is the running cost alone ; but the interest 
and depreciation on the original equipment amounts 
to little in comparison. That little, however, should 
properly be added. Taking Mr. Gibbs' figures of 
$36.35 per car as a fair estimate of this, we have 11 
hours* service per trip for the car and, say, 300 trips 
per year, making 3,300 car hours, or 1.1 cts. per car 
hour in addition to the running expenses. This 
makes the total cost of this system 10.93 cts. per 
car hour, 1.09 cts. per lamp hour (16 c. p.) and 0.068 
cts. per candle power hour. 

The Metropolitan Ry. of England (better known 
as the London Underground) experimented with 
this system in 1884. The train had 52 lamps of 13 
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c. p. each, and the light was used 8 hours per day 
The cost of lighting, not includiuG: labor, was esti- 
mated at 1.375 cts. per lamp per hour. The cost of 
labor would probably double this, making the cost 
about 2.75 cts. per lamp hour. It is to be remem- 
bered, however, that an enormous advance in elec- 
trical matters has been made since the date of this 
experiment. The improvements in lamps alone, 
which are now very much cheaper and far more 
durable, would materially alter these figures. 

The London & Northwestern equipped a train 
with the direct dynamo system in August, 1884, 
which has been running ever since. The following 
figures concerning its cost were given by Mr. J. W. 
Fletcher, the company's electrician, in the discus- 
sion on Mr. Langdon's paper (abstracted on a 
previous page). 

The first cost amounted to £2 4s. Id. <f 10.24) per 
lamp (16 c. p.) and "their experience of the first 
year's running" gave the cost per lamp hour at 
0.628d. (1.268 cts.) 

Estimating interest and depreciation at 10%, and 
annual service at 3,300 hours we have the total cost 
as 1.271 cts. per lamp hour or 0.08 ct. per candle 
power hour. 

Combined Dynamo and Storage Battery System 
with Battery CeUs All on One Car.— As stated 
above, the London, Brighton & South Coast Rail- 
way has had the most experience with this system. 
The following figures for the cost of its installation 
and operation were published a year ago as coming 
from Mr, Houghton, the company's electrician : 

The trains on which this system is used consist mostly 
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of 10 cars which run solid (that is are not broken up), and 
average about 40 lamps (12 c. p.) to a train. The total weight 
of the plant on each train is three tons; the cost of plant 
is £100 ($1,910), and the cost of maintenance per annum is 
£65 ($315). The only attention given the trains is at each 
terminus, where one man inspects the apparatus and oils 
the pulley bearings. 

If we estimate interest and depreciation on the 
above original investment at 10%, this brings the 
the total cost per annum to $509 per train. If the 
number of lamps is 40, of 12 c. p. each, and the hours 
service per annum is 3,300 (the same as estimated for 
the Chicago, Milwaukee and St. Paul above), we have 
the total cost as 0.385 cts. per lamp hour, or 0.032 
cts. per candle power hour. 

The Connecticut River road has had considerable 
experience with the system in which the battery 
cells are all located on the baggage car; but it uses an 
engine to drive the dynamo instead of taking: power 
from the car axle, experiments with the latter 
method having resulted unsatisfactorily. It has 
been stated that the first cost of equipping the train 
on this road, 71 lamps being used, was about $2,500. 
Also that the annual cost of operation was as 
follows: 

Interest on capital (6^ $150 

Lamp renewals 50 

Sinkms fund 100 

Repairs and at tendance 30 

Coal and stores 156 

Total $486 

Estimating as before 3,300 hours service per an- 
num, this makes the cost (for 71 lamps on the train) 
about \ ct. per lamp hour. This, however, is manl- 
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festly muoh lower than the actual cost, since there 
is nothing allowed for an auxiliary system of light- 
ing; and the ** sinking fund," which is supposed to 
cover depreciation, is evidently inadequate. 

Combined Dynamo and Storage Battery System 
with Battery Cells on Every Car.— In Mr. Gibbs' 
paper above referred to he gave an estimate of the 
cost ofinstalling and equipping this system.based on 
the experience with it on the Chicago, Milwaukee & 
St. Paul. The system, which was practically the 
same as that in use by the Pullman company (de- 
scribed above), was used for a year on two trains on 
that road. The weiQ:ht of storage batteries on 
each car was 1,500 to 2,000 lbs. Mr. Gibes* estimate, 
based on this experience, for the equipment of a 
standard 50 ft. passenger coach, having 9 lamps in 
the body and one in the closet (all of 16 c. p.), was as 
follows: 

First cost of equipment «863.0O 

Cost of equipment per candle power 5.40 

Depreciation and 5% int. on first cost 137 47 

Total running cost per car per hour 13.20 cts. 

lamp '• 1.32 cts. 

c. p. •* 0.082 ct. 

The " first cost of equipment '' includes the stor- 
age batteries, the car's proportion of engine and 
dynamo and ^1J3 for auxiliary oil lighting equip- 
ment. Depreciation is figured at 25% on the Brother- 
erhood engine, 10% on the Eickemeyer dynamo, 
33 \% on the storage batteries and 5% on wiring and 
oil lamps. 

Adding the charge for interest and depreciation 
to the running cost, estimating 3,300 car hours ser- 
vice per annum, as before, we have a total cost with 
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this system of 17.36 cts, per car per hour, 1 74 cts. per 
lamp hour, and 0.102 ct. per candle power hour. 

The cost of this system as used on the Pennsyl- 
vania limited trains by the Pullman Palace Car Co, 
was given ss follows by Mr. Chas. Selden, Superin- 
tendent of Telegraph, B. & O. R. R., in a paper read 
at the Telegraph Superintendents' Association Con- 
vention in 1889 : 

First cost of Annual Int. at 

fouipment. depreciation.* 5*. 

Baggage car $1,840 25 $156.03 |S^.19 

Day coach 461,87 121.66 2626 

Sleener 604.23 185.22 31.07 

Dining car 486.58 158.74 29.07 

On the above basis Mr. Selden estimated that a 
train consisting of baggage, smoker, day coach and 
two sleepers would cost ^3,772.45 to equip. Depre- 
ciation would amount to $769.79, and interest to 
$207.85, making a total of $977.64 for *• fixed 
charges." An attendant at $90 per month would 
cost $1,080 per year, making the total cost per year 
for the train of 5 cars $2,057.64. The total number 
of lamps on the supposed train is 85; and estimating 
the hours of service per annum at 3,300, as before, 
we have the total cost as 0.734 ct. per lamp hour or 
0.046 ct. per candle power hour. It will be noted 
that Mr. Selden's estimates for depreciation are 
much below those of "Mr. Gibbs; and he makes no 
allowance for auxiliary oil lighting equipment nor 
for the cost of coal, oil and waste. 

The figures thus far given are all estimates. We 

* Mr. Selden estimates depreciation on engine at 10%, 
on dynamo at 3%, on storage battery cells at 16.4^, on 
lamps at 700^, shades at 10^, lamp sockets at 10^ and noth- 
ing on wiring or other apparatus. 
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have, however, been ifavored, through the courtesy of 
Mr. William Garstang, Superintendent of Motive 
Power of the Chesapeake & Ohio, with the follow- 
ing figures of the actual cost of the electric light on 
the limited express trains between New York and 
Cincinnati running over that road: 

For the 12 months ending June 30, 1891, the total 
cost of labor and material used in operating 
electric light on Chesapeake & Ohio trains 
was 113,110.04 

Making the cost per day 36.10 

The average number of electiic lighted cars in 
operation per da^ is 10, and the average number 
of lamps per car is 12, making the cost per lamp 
per day .30 

Assuming that the lights are in actual service 12 
hours per day, the average cost per lamp per 
hour is 2^cts 

And per candle power hour.is I56ct 

This, it is to be noted, is for running expenses 
alone; interest and depreciation (so far as the latter 
is not made good by current repairs) are not 
included. 

Mr. A. H. Bauer, Superintendent of Electrical 
Equipment of the Pullman Palace Car Co., has fur- 
nished us the following figures showing the cost of 
operating the electric lights on the Pennsylvania 
Limited trains: 

First Cost of Equipment for ^Cwr Train: 

Bag^gecar $2,250 

Dinmg car 576 

Three sleeping cars at |675 2,025 

Observation car 625 

Total ^,476 

Average cost of labor per car day $1.15 

** '* •* material per car day 74 

'* " '* operation per car day $1.89 

Average number of lamps per car 28 

Average cost per lamp per day 6$^ cts. 
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Mr. Bauer states that their practice is to base all 
calculations on 24 hours per day, which is correct for 
estimating the cost of train lighting as used on the 
Pennsylvania Limited, because the manner of run- 
ning the trains necessitates using nearly as much 
light during the day as at night. On this basis the 
cost per lamp per hour would be but little over 3^ ct., 
or including interest and depreciation, estimated at 
10%, and supposing the car in service 300 days per 
annum, the cost per lamp hour is only 0.29 ct. This 
is not fairly comparable with the other figures 
given, however, being on such a different basis as to 
hours of service per day and number of lamps per 
car. In the table below, therefore, we have used the 
same hours of service per annum (3,300) for this as for 
the other estimates given. 

On the Midland Ry. (England), as described last 
week, the dynamo is driven from the car axle, but 
storage battery cells are placed beneath each car. 
The first cost is given by Mr.'LANGDON at £50 ($243) 
for a "6-bodipd coach " having 12 lamps (8 c. p. each). 
The cost of the dynamo and running gear is £250 
($1,215). At one dynamo for each 10 cars fitted, this 
would add ^121.50 as each car's proportion of the fi-rst 
cost of the generating plant, making the first cost 
per lf)-c. p. lamp $60.75. No more definite idea of the 
cost of operation of the system is given by Mr. 
Langdon than that his experience "inspires him 
with the belief that the cost per 8c.p. lamp per hour 
will eventually be considerably less than^^d. (j^ct.).** 
It is perhaps fair to conclude from this that the cost 
at the present time is somewhat in excess of this, or 
at the rate of over 1 ct. per 16-c. p. lamp per hour. 



191 



To admit of ready comparison of these diflPerent 
figures of the cost of electric lighting, we have 
tabulated them as follows : 



Total 
cost per 
System and Road. lamp 

Direct dynamo: hour. 

Chic, Mil. & St. P. . . . 1.09 cts. 

Metropolitan (1884) .... 2.75 *• 

London & No. W'n .... 1.27 " 

Combined system: 
Battery on one car. 
Lond., B. & So. Coast. 0.385 ct. 

Conn. River 0.200 ** 

Combined system,: 
Battery on each car. 
Chic. , Mil. & St. P 1.74 cts. 

Pullman Company,— 

Selden's estimate 0.734 ct. 

Bauer's statement 0.713 ** 

Chesapeake & Ohio 2.500 cts. 



Total 

cost per 

candle power 

hour. Remarks. 

.068 ct. Careful esti- 
mate. 
Short ex- 
periment. 
Probably ac- 
curate. 



.153 
.080 



<< 



4t 



.032 " No charge for 
power used. 
.013 " Incomplete. 



.102 " Careful esti- 
mate. 



.046 
.044 
.156 



(1 



Incomplete. 

E X c 1 u d i ng 
int. and de- 
preciation. 



It must be admitted from the above showing that 
the use of the electric light is hardly advisable at 
present for any railway which is not willing to go 
down deep into its pocket to pay for the luxury. We 
believe Mr. Gibbs* figures to be the most accurate of 
any of the estimates in the above table; and he ex- 
plicitly stated in giving these figures that the low 
cost was only attained through unusually favorable 
circumstances. If this is the case, the conclusion is 
inevitable that electric lighting in the present state 
of the art is not applicable for general use in lighting 
railway cars. The direct dynamo system we have 
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seen to be certainly unavailable, on account of its 
inconvenience; and if 1^ cts. per lamp hour is a 
minimum for the total cost of the combined system 
with storage batteries on each car, it certainly 
cannot compete for general use with the established 
methods of car lighting. 

On the other hand, it must be freely acknowledged 
that the last has not been heard from electric car 
lighting, and that it is by no means unlikely that it 
may yet become one of the most common systems of 
train lighting. A study of the detailed items of cost 
in Mr. Gibbs' estimate for the direct dynamo system 
shows that nearly half the total operating expense 
is for attendance, and 20% of the remainder is for 
the coal used to haul the special car used. If, now, 
the electrical generating apparatus can be so sim« 
plified that it can be placed in charge of the engine- 
driver or baggage master, and be located in the 
baggage car or on the tender, about 70% of Mr. 
GiBBs' expense account will be wiped out. This has 
been done in England ; it ought to be possible here. 

The next most important step will be to improve 
the storage battery, and so increase its durability, 
eflBciency and capacity that its use under any pas- 
senger car will be practicable. This is a task on 
which many inventors are at work; and able elec- 
tricians look for their success. 

With these two steps taken, and with such other 
improvements in the whole apparatus as may con- 
fidently be expected, the cost of train lighting by 
electricity may be reduced to a point where it will 
compare favorably with that of the long established 
methods of car lighting. 
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Further than this it would be useless to prophecy, 
for the possibilities of improvement in the eflBciency 
of electric lighting apparatus are so great that a 
single discovery may possibly upset even our conclu- 
sion above that the primary battery has no chance 
in the race. Necessarily we have dealt in this paper 
only with the present state of the art, when the best 
incandescent lamp gives to us in the form of light 
only about 5% of the energy existing in the 
electric current which it uses, or perhaps 4% 
of the energy imparted to the engine which 
drove the dynamo. But Gei88LEr's tubes, which are 
still a laboratory toy, are said to convert as much as 
30% of the electric energy imparted to them into 
light. When Nikola Tesla or Elihu Thomson or 
some other electrical expert finds a way to double, 
quadruple, or multiply tenfold the eflBciency of the 
electric current as an illuminant, the problem will 
be wholly changed, and electric lighting may then 
become the standard method of car illumination. 
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The Comparative Photometric Value of Oil, 
Gas, Gasoline and Electric Lights. 



Photometric tests of the different systems of car 
lighting were made for Engineering News by Mr. 
W. B. D. Penniman, Chief Chemist of the Baltimore 
& Ohio R. R., in the laboratory of the Johns Hop- 
kins University. The photometer used by Mr 
Penniman (the Dibdin radial photometer) is del 
scribed and illustrated on page 12. As stated in the 
note on page 21, the following description of the 
photometric tests, with their results, was intended 
for publication immediately afterward. 

But in making these tests, besides determining 
accurately the light given out from the various 
lamps, careful measurements were made of the 
amount of illuminant burned; and in making these 
measurements it was discovered for the first time 
that the Frost gasoline system, instead of burning 
carbureted air. or air saturated with gasoline vapor, 
as claimed by its makers, was burning most of the 
time nearly pure gasoline vapor. The evidence was 
strong from this that the gasoline in the carbureters 
was being boiled by the heat from the lamp; and an 
investigation of this matter was made, with the re- 
sults reported at length on page 74 et seq,, and 
showing as clearly as experimental evidence 
could well show anything, it appears to us, that 
such boiling of gasoline was a common if not in- 
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variable feature of the plant as then being manu- 
factured and introduced by the company. 

The reader will now understand the reason why 
the publication of the exceedingly valuable and im- 
portant series of tests below was delayed until after 
a description of each of the various systems had 
been published. It was impossible to judfje fairly 
the photometric results obtained from the gasoline 
system until it was known whether the gasoline 
was burned under the same conditions as in ordinary 
practice. 

It was represented to us that Mr. Frost, the in- 
ventor of the carbureter system, who himself set up 
the carbureter and lamps used by Mr. Penniman 
in testing this system, was so anxious to get a high 
candle power that he made the apparatus burn much 
richer gasoline vapor than is usual in regular prac- 
tice. The carbureter manufacturers themselves, 
however, made no claim of this sort. In fact, they 
could hardly do so, as their own representative had 
set up the carbureterand directed its working. Since 
then, too, other tests, described on page 79 et seq,^ 
have proved pretty conclusively that the carbu- 
reter system in these tests was worked with no richer 
vapor than it often uses in regular service (if we ex- 
cept the considerably different system used on the 
Pennsylvania Railroad, as to which no records are 
available). We may therefore conclude that the re- 
sults in candle power given below for the carbureter 
or gasoline system fairly represent what may be ob- 
tained from the plant in the form tested in ordinary 
practice, the vapor burned being nearly pure gaso- 
line steam with little admixture of air. 
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We regret that we have been unable to obtain anv 
photometic record of the inverted Lungren burner 
when burning gas from the carbureter plant as in- 
troduced and now used on the Pennsylvania Rail- 
road. The results from this form of the plant with 
the burners first used <and still largely used) are 
shown in Figs. 71 and 72. The far less candle power 
shown in these diagrams as compared with Fig. 70 
would seem to indicate that there is much truth in 
the claim that the Pennsvlvania form of the plant 
does not produce a gas in which gasoline steam in 
excess of the capacity of saturated air is burned; but 
what, if any, difference would result in the candle 
power shown in Fig. 70, if the burners were supplied 
with this different gas, we are unable to say. It 
proved impossible to arrange for the further tests 
which we desired to have made. 

The same facilities were extended to each of the 
companies controlling each system of lighting in 
setting up their apparatus and regulating its work- 
ing. As stated above, the inventor of the Frost 
carbureter system set up that plant to his satisfac- 
tion. The Pintsch gas plant was set up by Mr. R, 
M. Dixon, Chief Engineer of the Safety Car Heating 
& Lighting Co., which controls the system in this 
country. The oil lamp fitted with the Belgian 
burner was furnished complete, ready for testing, 
by the Belgian Lamp Co., of 31 Barclay St., New 
York City, and the standard mineral sperm oil in use 
on the Baltimore & Ohio R. R. was used in the fount. 

PHOTOMETRIC STANDARDS USED. 

Photometry is the measurement of the relative 
amounts of light emitted from different sources. The 
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methods employed always consist of the determina- 
tion of the relative distances at which two sources of 
light produce equal intensities of illumination. The 
relative intensities of the lights are then to each 
other inversely as the squares of their distances. 

The unit of measurement is the light emitted by 
one sperm candle (made 0.85 in. in diameter and six 
to the pound), burning at the rate of 120 grains per 
hour. The **standard candles" are specially made 
for this purpose, and are all imported. In practice 
two are almost always used, and a correction is 
made for the variation of candle burned. The results 
are rejected if this variation exceeds 6 grains on 
either side of the prescribed quantity. 

The use of candles, however, in a test extending 
over some time is hardly feasible, especially when 
powerful lights are to be tested, on account of the 
great diflBculty of securing proper conditions. These 
can only be secured even for a short time by consid- 
erable patient attention and skill. 

As the intensity of the lights varies inversely as 
the squares of their distances, itis evident that when 
the distances from the screen are approximately 
equal, any inaccuracy in placing che standard makes 
a much less serious error than if a lower standard is 
used. 

In the tests herewith recorded, as the standard 
was to be moved constantly and the lights to be 
tested were of an intensity many times greater than 
the light from two candles, it was decided that a 
liccht of greater power was desirable. 

For example, suppose it were attempted to test 
a 50 c. p. light by a 1 c. p. standard, and let the 
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distance between the two lights be D. Then 

the screen would stand at a distance of gp D from 
the 1 c. p. light or .ODDl Z>, and a change of say 1 c. p. 

to 49 c. p. would only require the screen to be moved 

1^ 1 

to 4p D from the I c. p. light or 24of = .000417 A a 

difference of only 0.000,017 A or .0017 in. if Z) = 100 

ins. On the other hand, if th3 s laie 59 c. p. light is 

being tested by a 20 c. p. standard, the distance of 

, , 202 

the screen from the standard light will be kq2 -D = 

0.16 D. A loss of 1 c. p. will then require the screen 

2O2 400 

to be moved to ^gi D = 2401 ^ = .16674 Z>, a differ- 
ence of .03134 D or 0.634 ins. \t D = lOD ins., a move- 
ment about 400 times as great. It is thus plain 
that the nearer the adopted standard correspoida 
in candle power to the light to be tested, the greater 
will be the possible accuracy of the test. 

The standard used in these tests was the light is- 
suing from a slot on the chimney of an Argand 
burner. This slot was adjustable in size; and it was 
set to 10 c. p. by means of an ordinary Bunsen photo- 
meter. One of the candles was then extinguished, 
and the screen was moved to the point where 
the light was equal on each side of the screen. If 
this reading did not indicate a candle power of ex- 
actly 10 candles, the operation was performed again. 
Two slots were standardized in this way and finally 
one was tested against the other. 

The slots were tested again at the expiration of 
the evening's work, and the results were rejected if 
any change in intensity was noted. The '^standard 
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light" used in the tests was varied according to 
circumstances. 

The greatest variation admitted in results does not 
exceed 4%. All proper precautions were taken, by 
the use of suitable screens, against errors due to the 
glare of reflected light in the operator's eyes. 

As already noted, the ordinary method of deter- 
mining candle power has baen heretofore by hori- 
zontal measurements only, that being a sufficiently 
accurate mode of measurement for ordinary lamp, 
gas or candle flames, in which the horizontal rays 
are the strongest. For many of the modern forms 
of burners, however, as also for all forms of elec- 
tric lights, and for all lights of any kind in which 
the light is thrown downward from reflectors or 
from an inverted burner, this is a most inadequate 
unit of comparison, and the modern practice for 
accurate light measurements is far better, viz., to 
determine the candle power on a series of equidis- 
tant angles below the horizon, from which a "mean 
circular candle power" is determined. In this way, 
and by the mathods above described, all the fol- 
lowing* diagrams of candle power (Figs. 65 to 72) 
were determined as tabulated in Table IX. 

But it will be apparent that, from the nature of a 
candle-power unit, it is only a comparative one, and 
gives no measure of the absolute illamination from a 
lamp at any given distance. The same light has 
the same candle power at all distances, though the 
absolute intensity of its light decreases as the 
square of the distance. What we really wish to 
know about car lamps for car lighting, however, is 
the relative amount of light which they make avail- 



able in what we may call the visual plane of a car, 
viz., the plane )□ which a book or other object o;i 
which light is needed is held by an average passeo- 
ger. This plane, as will be seen from the upper part 
of Fig. 74, is about 4.5 ft. below the car lights when 
placed at their usual height. To represent the inten- 
Bit; or value of the light supplied along tkia plane 
at any point, we must plainly Introduce some other 
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unit than that of the candle power, which shall take 
into account the absolute intensity of the light at 
each point along this visual plane, as well as its re- 
lation to a candle-light. 

For this end we have used what we may call the 
Visual Unit of one candle power at a distance of 
4.5 /^, that being the usual vertical distance in pas- 
senger cars between the source of li:?ht and the 
"visual plane" where light is needed by passengers. 
The manner of determining this " visual unit," as 
also the number and distribution of the visual units 
from each of the sources of light tested, is indicated 
in Fig. 73. 

The visual units (V-U) are thus determined : 

Designating the source of light as i, and the can- 
dle power of any ray as C-P, for any ray vertically 
downward from L to the visual plane we have, by 
definition : 

V-U= CP. 

For any other ray of candle-power C-P^, standing 
at an angle of Z>° with the vertical (the candle-power 
diagrams. Figs. 1 to 8, have the angles recorded 
from the horizontal), we have for the visual units in 
the ray at the point where it strikesthe visual plane: 

V-m = Cos'^ D X C'P^ 

since the intensity of the ray varies inversely as the 
square of the distance, and the length of any oblique 
ray from L to the visual plane is to the length of a 

vertical ray, as ^ — j^ is to 1. Therefore, having given 

the candle-power values of the rays from any source 
of light, i^, at successive angles of 10° from the verti- 
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cal, we may determine the value In visual units of 
each ray, at the point where it cuts the visual plane, 
by multipling the valueof each ray in candle-powers 
by the coefficients Cos"^ D, which are as follows: 
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These coefficients (between the rules above) are 
given at the end of Table IX., showing the observed 
candle-power of the several rays of each light test- 
ed. The recorded candle-power, multiplied by 
these coefficients, gave the table of visual units in 
Table X. From this Table X. of visual units the 
diagram shown in Fig. 73 was constructed, which 
shows the distribution and number of the visual 
units from a single lamp .striking on a "plane jterpen' 
(ficnlar to the ray along the horizontal visual 
plane. 

From this diagram (Fig. 73. alone much information 
of value can be had, which is not to be had from can- 
dle- po vver diagrams alone, and some of which we shall 
shortly not^^; but to derive all the advantage which 
may be had, three other facts must be considered, 
and two (at least) other diagrams, constructed from 
it, as given in Figs. 74 and 75. These facts are: 

1. The light derived from lights which the pas- 
senger faces is worthless to him, or worse than 



worthless ; it makes it harder rather than eaaEer to 
read or see about the car. In less degree this ap' 
pliea to the rays coming vertically downward, 
because : 

2. A book or other object in the visual plane on 
which lii^ht is needed cannot be held so as to be per 
pendiculartoall the rays which reach it f.-om a series 
of lamps, and It is naturally held at kd angle of about 
15° to the vertical. 
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The full value in visual units, therefore, is realiz- 
able and realized only from rays at an angle of 45°, 
perpendicular to a plane at an angle of 45° with the 
horizontal. The value of all other rays which strike 
this surface is diminished as the cosine of the 
angular deviation of the ray from 45° is to 1. The 
little table of cosines above, however, will show that 
until this deviation exceeds about 25% in other 
words, for rays at all angles between 20° and 70° (in- 
clusive) with the horizontal the loss from this obli- 
quity of angle is not material, so that all rays lying 
within those angles may l>e taken to have their full 
illuminating value in visual units, although only 
one of these rays can strike the surface of a book 
precisely perpendicular thereto. On the other hand, 
rays striking the boois within 20' of the horizontal 
or vertical must have their unit value in visual units 
diminished. But to do this is a comparatively 
simple matter, because: 

3. The seats in a car are usually spaced about 3 
ft. apart, and the lights either 6 ft. or 9 ft. apart, 
or 2 to 3 seats. In a sleeping car the seats are placed 
back to back, that is all. There are many variations 
in the spacing of both lights and seats, but the 
variations outside of the above limits are too small 
and few to be of moment. 

This being so, the interior view of a car shown at 
the top of Fig. 74— which is modified from » drawing 
of a standard Pennsylvania R. R. passenger car 
fitted with ihe Frost carbureter (gasoline) light — will 
at once make clear: 1. That all the rays striking the 
visual plane of any seat from any lights in the car, 
strike it within the limits of 20° and 70°, and con- 
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sequently ma y be taken at their full value in visual 
units, excepting the rays from a light which is di- 
rectly over a seat, or nearly so. These rays strike 
the surface to be illuminated in the visual plane at 
an angle of about 45% and consequently their value 
in visual units must be multiplied by Cos 45° (.7071, 
aken as 0.7 as a sufficiently exact approximation) tp 
get their true illuminating value. 
This being determined, we may deduce from Fig. 

73, which gives the value in visual units at any point 
along the visual plane of the rays from a single light 
of the various kinds tested, the total useful value of 
the light reaching any seat from all the lights in a 
car, spaced in any way devised. This is done in 
Table XI., the results of which are plotted in Figs. 

74, 75. 

For example, take lights spaced 6 ft. or 2 seats 
apart, and the seat directly under a light. It is 
illuminated by (1) the light directly overhead, (2) by 
a light 6 ft. back, (3) by one 12 ft. back, and so on in- 
definitely. 

We first read from Fig. 73 the value in visual units 
of the vertical rays : These are to be multiplied by 
0.7 to get their visual value. 

Then, on the vertical line marked 6 ft.. Fig. 73, we 
can read off the value of the light reaching the same 
seat from a light 6 ft. back; from the vertical lin3 
marked 12 we get the value to the same seat of the 
lamp 12 ft. back; from the vertical line marked 18, 
we get the value to the seat of the next line, 18 ft. 
back, and so on. The value in visual units dimin- 
ishes so rapidly that lights more than 15 to 18 ft. 
back have little effect on the total, as will be seen 
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in Table XI., which was thus compiled. It gives 
for each kind of light tested and for each car-seat 
between lights spaced either 6 ft. or 9 ft. apart, the 
light from each lamp or burner in the car which 
contributes a sensible amount of useful light to it, 
which are the lights between a point vertically over 
it and 27 ft. back of it; the visual units of vertical 
rays, as read off from Fig. 73, are first multiplied 
by the coefficient 0.7 as recorded above, and all the 
other readings from Fig. 73, for lamps 3 ft. or more 
behind the seat, are recorded as read off. 

The total of these illuminations from all the lamps 
within 27 ft. of a seat gives, within a trifling margin 
of error, which does not affect comparisons, the total 
useful illumination striking each seat in a car 
from all the lights therein, in effective visual units; 
or in other words it gives the number of candle 
powers at a distance of 4.5 ft. necessary to give the 
same light for reading, etc., with the rays striking 
perpendicular to the pages of a book or other sur- 
face as ordinarily held. 

Of course these diagrams (Figs. 74, 75) apply with 
precision to such seats only as are fortunate enough 
to have a series of 3 to 5 lights behind them. Seats 
toward the back end of the car receive less light ; 
but the amount of light derived from lamps more 
than 6 to 9 ft. back of a seat is so small that practic 
ally the diagrams may be regarded as applying to all 
the seats. 

Such diagrams have never before been constructed 
or attempted, and we need hardly say that they illus- 
trate certain truths as to car-lighting of no small im- 
portance, which it is well to bring out in definite 
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form. As one point of especial importance they 
show that neither the horizontal nor vertical rays 
are of much real use. The perfect light as regards 
distribution should minimize these rays, and put as 
much of the light as possible into the rays lying be- 
tween the angles of 20° and 70°. 

The mo3t conspicuously successful of the lights in 
this respect are the two old Pennsylvania standard 
burners for the Frost carbureter system known and 
marked as the " Dudley P. R. R. standard *' and the 
" Excelsior." Both of these lamps not only put the 
light where it does most good, but produce a sub- 
stantially perfect and uniform distribution of the 
light in the visual plane, whether the lamps be 
placed 6 ft. or 9 ft. apart. As a consequence, 
although the total volum2 of light throughout will 
be seen to be comparatively trifling, yet they were 
felt to give a very satisfactory illumination, by no 
means so inferior to the new inverted burners as 
the candle-power diagrams indicate at first sight. 

Next to these in evenness and excellence of dis- 
tribution, and far ahead of them in total visual units 
of light, come the 2-flam9 and 4-flame Belgian lamp 
chandeliers. The Belgian lamp was described on 
page 154, and the results obtained from it are taken 
as representing the best present practice in car 
lighting with oil lamps. 

It should be mentioned that in testing all the oil 
lamps only a single lamp was burned, as the nature 
of the photometric apparatus requires, and the 
power of a 2- lamp or 4-lamp chandelier was 
obtained by multiplying the candle-power of one 
lamp by the number of lamps. This is not quite ex" 
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act theoretically; but is sufficiently accurate for 
practical purposes. 

A more important consideration is that the candle- 
power of any oil lamp is greatly affected by the skill 
and care used in managing it— adjusting the wick, 
etc. — so that an oil lamp under test is likely to show 
considerably more candle power than will the 
average of a hundred burned as in service. 
In far less degree, all the systems of gas lighting 
show less candle power in daily service than 
under the skilled manipulation given them while 
under test. The Pintsch gas burners require occa- 
sional brushing and cleaning. The Frost gasoline 
system v^aries with the richness of the vapor burned, 
and requires about the same watchfulness while 
burning as an oil lamp, but does not fluctuate 
nearly so much in candle power. Even the electric 
lamps show great variation with slight alterations 
in current and with the age of the lamps. But no 
system of gas or electric lighting has any constantly 
variable element in it comparable with the condition 
of the wick in oil lamps. 

The two gaslight systems tested are both defec- 
tive in distribution of light. Much of the light is 
wasted on the carpet and the walls of the car with- 
out doing any sensible good. The Frost carbureter 
light is the most defective of the two in this respect, 
and the Pintsch light least so; but it is possible that 
the makers of both may get. a useful hint from 
these diagrams, and by making slight changes in 
the form of the reflecting surfaces may get a much 
more effective light, distributed as in Fig. 72, 
from the same candle power and gas consumption. 
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We have spoken of the li^ht thrown on the carpet 
or walls of the car as " wasted." This may be ques- 
tioned on the ficronnd that the light is reflected back 
into the car and becomes useful, but we believe it to 
be a substantially truthful expression. 

A pretty accurate evidence of the real value of this 
reflected light may be obtained by comparison of 
the tests of the Belgian lamp with a shade and with- 
oui) one. Without a shade, the average semicircular 
candle power of the lower semicircle ^ill be seen 
from Table IX. to have been (for 2 lamps) 31.82 c. p. 
Directly under the lamp the candle power was all 
most nothing, owing to the obscuring effect of the 
lamp body, and examination of the first column of 
Table IX. will make it clear that the probable mean 
candle power of the upper semicircle was 45 c. p. at 
least. 

The shade used was an ordinary conical porcelain 
shade, which is a vastly better reflec^'ing surface 
than the carpet or walls of the car, and had the effect 
to throw all the 45 c. p. of the upper semicircle 
downward, so far as effective reflection was possi- 
ble. How much was added in this way to the total 
candle power of the lower semicircle? It was in- 
creased only from 31.82 to 45.47 c. p., a gain of 13.65 
c. p., or less than 43%, only 30X% of the light in the 
upper semicircle being effectively reflected. If a 
porcelain shade cannot do more than this in the 
way of saving light by reflection, it is a perfectly 
reasonable assumption that hardly an eighth or 
tenth of the light is effectively reflected from the 
walls, and none at all from the floor. 
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It ma^ be claimed that this otherwise lost li^ht is 
of value, nevertheless, in giviasf a general air of 
brightness and cheerfulness to the car, but this 
also may well be questioned A universal glare is 
not pleasant in any room where one wishes to read. 
Plenty of light on the book and as little as possible 
(within limits) elsewhere is the preferable distribu- 
tion. 

THE c:andle power of electric lamps. 

The ordinary incandescent lamps used for car 
lighting are nominally of 16 candle power; practi- 
cally, however, the light given off in different planes 
vanes as greatly with them as with the lights 
described above. In order that comparisons may be 
easily made, we have drawn diagrams* (Fig. 76) of 
the candle power of various electric lamps on the 
same scale as the diagrams above. 

It is evident from these diagrams that the electric 
light is among the best in distributing the light 
given out where it will do the most good. But the 
fact of greatest practical interest to railway mana- 
gers who propose to try electric lighting is that the 
volume of light varies greatly with the kind of lamp 
used. Every one of the lamps whose candle power 
diagram is given in Fig. 76 is called by its makers a 
16 candle power lamp; yet the actual volume of 
light is in some of these lamps double what it is in 
others; and the efficiency, or the amount of light 

* The photometric measu' ements from which these dia- 
grams are plotted \v<ji>e made by Messrs. H. M. Uobart 
and E. W. Gannett in the Laboratory of the Massachu- 
setts Institute of Technology, and were reported by Wll. 
L. PuFF£R in the Technology Quarterly for May, 1S90. 
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j^iven odt for a given consumption of energy, varies 
:also nearly one-half. Another point of interest is 
rthfi variation in the light given off by tbe lamp in 
different vertical planes. In most of the lamps test- 
jed this variation is not great, but in the Wes- 
;ton lamp the light given off in the plane of the fila- 
•nient is only about half that given off in the plane at 
^ight angles to it. The difference in the available 
light is well shown by che diagram. 

It is of interest to compare the amount of light 
given out by these incandescent lamps with the 
light furnished by an electric arc lamp, shown by 
diagrams in Fig. 77. Necessarily these diagrams are 
plotted on a different scale from those preceding. If 
they were plotted on the same scale, a sheet would 
be required over 6 ft. wide, for the radial line repre- 
senting the maximum candle power would be about 
40 ins. long. 

We are indebted for these arc light diagrams to a 
paper by Mr. Louis B. Marks on "The Life and 
Efficiency of A c Light Carbons" (Trans. Am. Inst. 
Elec. Engrs., VolVIL;p. 175). While the efl^ect of 
the structure of the carbons upon the light was the 
chief object of the author's investigation, accurate 
photometric measurements of an arc light using the 
yarious carbons were necessary. The carbons used 
were from five different makers, designated A, B, C, 
D, E. Some of them were intended for high ten- 
sion currents and others for low tension; and some 
of them were made by the " forcing" process (the 
plastic material being '* squirted" through a die), 
while others were molded carbons. 

For high tension carbons a current of 9 amperes 
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was used, and the difference of potential between 
the lamp terminals was kept at 45 volts. Hence the 
electrical energy absorbed was 9 = 45 = 405 watts = 
0.543 electrical HP. For low-tension carbons the cur- 
rent used was 21.5 amperes, with a drop in poten- 
tial of 30 volts. Hence the energy absorbed was 
21.5 = 30 =645 watts = 0.87 electrical HP. The aver- 
age result in efficiency, with each kind of carbon» 
is given as follows : 

Watts per 
Kind of carbon. spherical c. p. 

A. Molded, bi^h tension 0.^ 

D. Forced, high tension 0.833 

B, Unplaced, naolded. hitch tension 0.771 

E. Molded, high tension 0.953 

E. Forced, high tension 1.407 

A, Forced, low tension 1.25> 

B. Molded, low tension 1.612 

It is of especial interest to note that while in the 
incandescent lamp from 3 to 5 watts of electrical 
energy are absorbed for each candle power of light 
produced, the arc light generates a candle power 
with only % to 13^ watts. In larger units, one horse 
power of electrical energy produces in the incandes- 
cent lamp 150 to 250 c. p. ; and in the arc lamp, 500 to 
1,0C0 c. p. This fact, that the electric current is 
used in the arc light with four times as greaJt effi- 
ciency as in the incandescent light, gives good 
ground for hoping that some method may yet be de- 
vised whereby the efficiency of small electric lamps, 
suitable for interior lighting, will be much increased. 
When this is done, as we have before pointed out, 
electric car lighting will stand on quite a difflerent 
footing from what it does to-day. 
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The Comparative Cost of Car Lighting Plants. 

COMPARATIVE FIRST COST. 

The preparation of any definite estimate of the 
cost of lighting cars by any system is necessarily a 
delicate matter. Most, if not all, of the items will 
vary considerably on different roads and in different 
sections of the country. An estimate which is even 
comparatively fair for one road or one part of the 
country will not be quite so for any other. To mini- 
mize these diflflculties we have postponed the con- 
clusion of these articles nearly three months, in 
order to gather all possible data. They cannot be 
wholly eliminated, and hence the tolerably accurate 
general average which we think we have reached, 
and give below, will require correction for the cir- 
cumstances of each particular road. 

The first cost of equipping cars with oil lamps 
varies between $115 and $225 per car, according to 
the make and style of lamp used. This provides for 
six double chandeliers, or their equivalent in more 
powerful single burners, and a closet light of little 
cost. It is a moderate estimate to take the cost of 
a good modern equipment at $175 per car, including 
all cans and storage and cleaning facilities off the 
car. Some lamp equipments, however, runup to $225 
per car or more, for the above number of lights. 
The oil used, when actually of 300° F. fire test, is not 
much more dangerous than kindling wood to have 
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about, and hence requires no special care or facili- 
ties for storage. Much of the oil actually in use 
however, is of much lower proof. 

The yearly depreciation of .such a plant is ex- 
tremely difficult to estimate accurately. Mr. Geo. 
GiBBS, in his paper on car lighting,* estimates the 
depreciation at only 5%, but this in our judgment is 
far too small. The cases in which lamps are actually 
usable for more than 10 to 15 years are not more 
numerous than those in which they are condemned 
in less, as nearly as we can ascertain. Hence, 7% to 
10% seems a fairer allowance. We assume 8%. 

The cost of compressed oil gas plant, complete on 
the car, is thus stated to us by the Safety Car Heat- 
ing and Lighting Co.: 

1 receiver, 9 ft. 6 ins. X 20^ ins. diam., holding 220 cu. 

ft. at 10 atmospheres |87 

5 lamps (4-flame) havim; 2.75t cu. ft. per hour as a 

maximum, or 13^ cu. ft. per hour in all, $25 each ... 126 

Regulator, piping, etc 63 

Labor applying 10 

Total per car with one receiver $288 

Extra cost of additional receiver 87 

Extra cost of more finely finished lamps at $30 each. . 25 

The receivers are made of various sizes, varying^ 
from 6 ft. X 163^ ins. diam. to the size above given, 
which is the largest generally used. If more^ 
capacity is desired, two or even three receivers are 
used. If we assume the receivers to be able to de- 
liver 10 to 11 times their cubic contents, or 220 to 212 
cu. ft. of gas, there will be 16 to 17>i hours of supply 

— ■ - ■ — ■ , — — - _ .11 — - ■ ■ ■ I- I » I ^ 

* Eng. News, March 7-U, 1891. 

tin the photometric tests 'p. 900) these lamps burned 2.75 
cu. ft. per hour, but 2.5 cu. ft. is probably a fairer aven^re 
for actual service. 
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at the maximum rate of combustion, for each receiv- 
er. As mucli as 22 hours per receiver is obtained 
with only four lamps, and no doubt this service, or 
more, may often be realized with five lamps in 
sleeping cars, where lights are turned down after 
certain hours; but it cannot be realized with full 
lighting power. It is, however, one of the admitted 
advantages of this system of lighting that lights 
can be turned down freely, which is p-^sfsible neither 
with oil lamps nor carbureters, or that some lighis 
can be extinguished and others left burning, which 
is not possible with the carbureter plant without 
runuing the risk that some lamps may give out 
without notice, as also another far greater risk, 
not generally recognized or understood, which will 
be pointed out in our concluding article on compar- 
ative safety. The Pin tsch receivers p" ay be consid- 
ered, therefore, as furnishing 18 to 20 hours' supply. 

The Frost Carbureter Co., in some of their compar- 
ative statements, give the cost of compressed oil gas 
plant, complete on the car, at 3317, with five lamps 
and one tank, against $288 to $313 by the statement 
above. To this the Frost company adds $100 per 
car to allow for the cost of gas works. 

Mr. Geo. Gibbs, of the Chicago, Milwaukee & St. 
Paul, in his paper before referred to, gives the cost of 
Pintsch plant co nplete on the car at {^370.25, with 
onlyfour 4 flame lamps and a closet Ixmp. To this he 
adds the large sum of $181.75 as the pro rata of each 
car for fixed plant. Both of these estimates, but 
especially the latter, were objected to by the Pintsch 
company; and Mr. Gibbs stated in explanation that 
his estimate was only for one particular road, on 
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the assumption that the full capacity of the gas 
plants was Dot utilized. 

The Pintsch company claim, however, that a 
charge of even $100 per car for fixed gas works is 
unfairly high for purposes of comparison, though 
they admit it may at times reach that figure or 
more. Of course this must always be a more or less 
indeterminate item, but the ultimate tendency must 
be to supply about as many cars from each plant as 
its capacity permits. Even under these latter cir- 
cumstances the cost of fixed gas making plant per 
car will vary greatly, as follows: 

Gas Capacity Cost of 

plant cu. ft. per . * s Total Cost 

Bupply'g day. Apparatus. B'ldi g. cost, per car. 

5^0 cars 24.000 $11,009 $4,500 $15,500 $31 

200 '* 10,800 9,500 4,100 13.600 68 

100 " 6,000 7,500 3,000 10,500 105 

The costs above given are the same as those given 
by Mr. Gibbs.* 
In order to insure a full supply where needed to 

* The Safety Car Healing and Lighting Co. furnishes us 
the following revised list of the gas works which they 
are now prepared to furnish and erect, giving the capac- 
ity in cubic feet pej day and numoer of cars they will 
supply, the cost of appai atus, cost of building, total cost 
erected, and cost per car erected, staring that since they 
furnished the above data to Mr. Gibbs they have arranged 
for works of smaller capacity than those specified to him. 
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only 466 cars, however, Mr. 6ibb3 allowed for one 
600-car plant, two 200-car plants and four lOO-car 
plants, or seven in all, thus providing capacity for 
the potential supply of 1,300 cars, or nearly three 
times tne actual number to be supplied. This plant 
was estimated to cost ^84,700, or $181.75 per car 
actually supplied, as above stated. However prudent 
it might be to do this in making an estimate of the 
immediate future for some one road, it is obviously 
too high for the purpoi»e of this investigation, which 
is to determine what system has greatest merit 
for general use. The cost par car potentially sup 
plied by Mr. Gibbs* plant was $65. We shall, there- 
fore, assume $100 per car as a reasonable general 
estimate for this item. Under present conditions 
this is low, but it would probably prove too high 
after the system was once in general use.* 

The Erie is now supplying some 550 cars from a 
single works costing $17,000, or about $31 per car. 
The above allowance would permit them to expend 
$149,000 in all for supplying less than three times as 
many passenger cars, 1,490, which is all they own, to 
which should be added a large further sum for the 
sleepers supplied. The New York Central is also 
supplying all its through cars from a single works. 
The cars make the round trip to St. Louis or Chicago 
with one charging of two to three tanks. 

It is to be remembered that it is by no means nec- 
essary to erect works at every point where it maybe 
necessary to supply cars. Tank cars carrying three 

* Mr Georgb Gibb8, who has done us the favor to esL- 
amine proofs of thiti article before publication, advises us 
that he considers this a "very fair general average." 
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large tanks, holding some 10,500 cu. ft. of gas 
at 12 atmospheres, will supply 840 car-hours of 
maximuai combustion, equal to about 280 car-days, 
before they are exhausted^ Details as to current 
practice in this respect were given on p. 16. 

The annual depreciation of the compressed gas 
plant on a car, while impossible to estimate exactly, 
should probably be estimated lower than for any 
other form of lighting, because it is the simplest of 
all, consisting only of a supply tank with connected 
regulator, gas piping and gas burners. The depre- 
ciation of the tanks, gas pipes and gas burners will 
be almost nil; the regulator has been shown by ex- 
perience to bean exceedingly durable device; the or- 
namental and reflecting parts of the lamps are alone 
likely ^o suffer much with time. The gas makiog 
plant, however, depreciates more rapidly. We be- 
lieve a depreciation allowance of 5% per annum for 
the car plant and 10% for the fixed gas-making plant 
to be a closely approximate estimate.* 

The Frost carbureter plant requires practically no 
plant off the car. The company claims with truth 
that a metal shed costing $200 will store 80 to 111 
two-gallon cans of gasoline, wnich by sufficiently 
frequent recharging will be a sufficient store for 
supplying 100 cars. The expense for plant off the 
car is so small that it may be neglected. 

The cost of the plant on the car is thus given by 
the company: 

* We are informed that with compressed oil gas as 
handled in the Pmtsch plant, no liquid hydrocarbions are 
deposited in the distributing pipes or on the car, as hnp- 
pens with Pome coal gas plants The difTerence is due u> 
difference of process more than to difference in the gaa. 
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Cost of air tank, regulators, safety valves, closet 
and tank needle valves, copper tubing for air sup- 
ply, deck checfe and safety valves and combina- 
tion dust guard and check valve — $117.95 

Cost of each carburetter and lamp complete with 
copper tubing and brass tee to connect with deck 
pipe, $77.86 each— for five lamps 389.30 

507.25 
To this add labor applying, say 15 00 



Total per car $522.25 

A statement furnished by the Pennsylvania road 

of somewhat earlier date, shows a somewhat smaller 

cost and is in more detail, as follows: 

Tank, 10 ft. 3 ins X 16 ins $25.00 

Combination regulator and safery valve 20 00 

Closet needle valve 2 00 

Tank needle valve 2.75 

Com binat ion dust guard and check valve 3.00 

Deck check valve 1.55 

Deck safety valve 1.48 

Hrass unions, V^ In., i at 45 cts. eacb 1.80 

Brass Ells, H in., J^ m 25 

Brass Ells, Vi in., 4 at 21J^ cts. each 85 

Copper tabing to suit length of car 15.00 

Total for parts independent of lamps. 73.68 

Each lamp $30.00 

Carbureter for sam", complete . ^0.00 

Brass tee, ^ in. x J^ in .25 

Total per lamp 80.25 

Total for five lamps 401.25 

Total cost plant complete for 1 car. 5 lamps . . 474.93 

To this add labor applying, say 15.00 

Total cost on car $489.93 

This shows a cost some $33 'less than the com- 
pany's figures, though it is for a somewhat more 
costly plant, the regulator and other parts having 
been somewhat modified and cheapened since the 
statement was made up, as explained on pp. 3242. 
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The difference may be due in part to the fact that 
the Pennsylvania supplied a good many parts from 
its own shops. We take the company's figures. 

The annual rate of depreciation of the Frost car- 
bureter plant may be taken as less than that of oil 
lamps and more than that of compressed gas car 
plant. With respect to the tank, reducing valve, 
piping und (in some degree) the burner, the gaso- 
line and fixed gas plants stand on an equality; but 
there are the carbureters, check valves, dust guards, 
safety valves and indicators, which, as a whole, are 
more subject to deterioration than the parts of the 
plant which are common to all gas-lighting systems, 
while the flame of the lamp itself does not remain 
constant after once lighting, but requires regula- 
tion from time to time as the temperature of the 
plant varies, thus tending to more rapid deprecia- 
tion.* 

On the other hand the evidence is very strong 
that the carbureter proper, including its interior 
wicking, is very durable. We have seen piecea of 
carbureters, which had been in use for many years, 
cut open to show their condition, which seemed to 
be for all practical purposes as good as new. Keep- 
ing all circumstances in view, we think that an an- 
nual depreciation allowance of 7%, against 5% and 
10% with compressed gas plant, and 8% with oil 
lamps, is as relatively fair an estimate as can be 
made. 

♦An officer who has had considerable practical experi- 
ence with the system writes us: "The sheet iron and 
pasteboard easing of the carbureters is much exposed to 
cutting by cinders, etc., and must be renewed very often 
at considerable expense." 
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On this basis, and charging interest on first cost 
at 6%, which is as low a rate as most railways care 
to earn on investments, we have the following com- 
parison of the three plants in question:* 

De- First cost 

System. Cost new Annual pre- Total charges 

per car. intereat. on, p. c. per year. 
Oil lamps. 6 double 

cbancleliers ^175 G% S% U% $24.50 

Pintsch gas, 5 / 313 1 «^ / 5% IW 34.431 
lamps, (4-burner)\. 100/ ^^ "llOj< IS% 16.00/ 
Carbureters, 5 
lamps 522 6% 7% 13^ 67.86 

These first cost charges are to be added to the an- 
nual operating cost to get the total cost per year. 

* '^)thpr estimate^', which we do not consider as correct 
as the above, after careful comparison have been as fol- 
lows. 

Estimate of Geo. Gibbs, C. M. & St. P. R. R.: 

Oil lamps 8167 5% 5% 10^ 316.70 

PintBCh«as{^--(3^0 5* {,%{]% { |?;S« 

Carbureters 536 5% 10j6 15% 80.40 

The following is from estimate prepared some years ago 
for the Baltimore & Ohio K. R., when oil lamps were gen- 
erally more ornate than now, and the other two plants 
quite difi'erent. The estimate is also for a less amount of 
light: 

Oil lamps $203 ^ 

Pintsch srasCflVeSy-ifl \ Other^items above not esti- 
Carbureters 2G9 ) 

The following comparative estimate is one put forward 
by the Frost Carbureter Co. : 

6 double lamps . . . $210 ") 

Pintsch «as('--{loJ \ '"'^Vj^'^ ""' *""' 
Carbureters 507 . 25 >) 

This last estimate actually allows $105 for half the 
number of oil lamps, but the estimate is doubled to make 
it correspond in number of lights with the other tables. 
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The comparative operatinfj: cost we will uow proceed 
to estimate. 

COMPARATIVE COST OF OPERATING. 

It is noticeable that the three systems of lightlDjic 
ID question all use an illuminant derived by distilla- 
tion from the same substance, crude petroleum. The 
Pintsch oil gas system takes this crude oil and sub- 
jects it in bulk to a destructive distillation, by which 
it is nearly all converted into fixed gas of very high 
illuminating power,* having the further valuable 
property that this gas possesses few components 
which are readily liquefied by pressure, as does coal 
gas. so that the oil gas can. while the coal gas can- 
not, be compressed to 10 or 12 atmospheres without 
serious loss of illuminating power. When compressed 
to 10 atmospheres coal gas loses about 50% of its 
illuminating power, by liquefaction of certain of its 
elements ; oil gas loses only 7.4%. (See p. 101). 

To produce the other two illurainants the crude 
petroleum is subjected to a ** fractional distillation" 
process by which several different illuminants are 
produced (See p. 4, et seq.)y the two most abundant 
being ordinary household kerosene (about 70% 
of the whole +) and the various naphthas, ben- 

* The candle power of gas, unless otherwise stated, is 
always understood to be that of an Art^and burner, burn- 
ing 5 cu. ft. per hour. Ordinary city gas runs from 16 c. p. 
to (rarely) 20 c. p. or more; i. e., from 4 to 5 c. p. hours per 
cubic foot of gas. Oil gas, on the other hand, runs up to 
60 or 8t» c. p. or more i. e., to 12 to 16 c. p. hours per cubic 
foot of gas. being from 3 to 5 or more times as effective as 
coal gas. 

t The Treasury Department has carried for many years 
at the foot of its petroleum statistical reports a state- 
ment that good authorities estimate that 100 gallons of 
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zines and heavier gasolines (16.3% of the whole). The 
parts lighter than the ordinary gasoline (0.7% only of 
the whole) constitute the light gasoline of 88° 
Beaum^ boiling at 110' F., which is required for car- 
bureters.J On the other hand, the products heavier 
than household kerosene consist of " mineral sperm 
oil" (about 10% of the whole) of 300" F. fire test and 
boiling at 425° F., which is (supposed to be) used for 
car lamps, and about 5% of lubricating oil, paraffine 
wax and solid residuum. 

Looking at the problem of comparative cost ab- 
stractly, therefore, to get an idea of permanent 
tendencies rather than momentary market condi- 
tions, it will be seen that the same very cheap illu- 
minant, crude petroleum (worth 2 to 6 cts. per 
gallon) furnishes an extremely small quantity (7 
bbls. in 1,000) of light gasoline suitable for carbu- 
reters, a quantity 14 times larger (100 bbls. in 1,000) 
of burning oil suitable for car lamps, and is all con- 
vertible into oil gas for compressed gas lighting. 
With the present mean annual product of 30,000,000 
bbls. of crude petroleum, only 189,000 bbls. of 88° gas- 
oline can be produced, and 2,700,000 bbls. of mineral 
sperm. 

Mineral sperm being chiefly used for car lighting, 
and a few like uses where a high degree of safety is 

crude petroleum will furnish 76 gallons of illuminating 
oil, 12 gallons of the various naphthas and gasolines, 3 
gallons of lubricating oil and 9 gallons of residuum. 

X We neglect in this summary the chemical curiosity 
rhigoline. boiling at 65° F., which may be obtained in in- 
significant quantities by careful manipulation of the 
lighter distillates, as may also, in fact, still lighter distil- 
lates boiling at 1° and 38** F., by sufficiently delicate 
chemical processes. (Seep. 7). 
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required, the supply may be considered equal to all 
probable demands, as also, of course, the supply of 
crude petroleum for gas makino;. The 88° gasoline, 
however, is what may be called a "fancy" product, 
suitable only for certain special uses, and a mere 
waste product if not applied to those uses, as was 
for many years the case ; but liable to nse in price 
if its use extends, since the supply is strictly 
limited, especially as it is of so volatile a nature 
that from 15% to 20% must be allowed as wastage, 
between its distillation and its final use.* 
Allowing the entire passenger stock of the coun- 

*A Baltimore oil refiner stated to us in regard to the sup- 
ply of the various naphthas, that the crude oil, before 
being supplied to customers for fuel purposes, was put 
into a still and the naphtha distilled and collected. For 
this reason tbe supply of the naphthas is much increased 
and it must still further increase with the consumption of 
"Lima oil." This oil is being used very largely for fuel 
purposes now, and the production is as yet unlimited and 
increasing so rapidly that tbe pipe lines are said to be 
unable to meet orders. 

This Lima oil is uped but little as yet for the manufact- 
ure of burning oils, as it is difiicult to refine and contains 
comparatively only a small quantity of burning oils. For 
this reason it is not (we are informed) included in the 
statements of oil production. This facL has an imi)ortant 
bearing on the above estimate, though it is impossible to 
allow for it accurately, any more than for the large and 
increasing use of the lighter gasolines for other than car 
lighting purposes. Inquiry at the main offices of the 
Standard Oil Co., in New York.shows. however, that while 
tho production of naphtha is now very great, gasoline is 
produced only in limited quantities. For the past six years 
there has been no great fluctuation in prise of 88° gasoline, 
and it can now be bought in bulk in New York at 13 to 11 
cts. against about 11 cs. for 86*^ gasoline and proportion- 
ately less for the benzines and naphthas. Tbe higher ofl* 
cials state their belief that if the demand warranted it 
the production of the lighter gasolines could be greatly in- 
creased, perhaps enough to light all the passenger cars on 
the continent without much if any increase of price. 



225 

try to average three hours per day of car lighting^ 
(1>^ hours in summer, 4^ hours in winter) and the 
entire passenger stock of the United States and 
Canada to consist of 40,000 cars, we have the follow- 
ing estimates of the total quantity of illuminant re- 
quired per year to light this equipment by either of 
these three systems: 

1. Mineral Sperm Oil:— The Belgian lamp, which 
gave the best test in respect to consumption of oil 
percandlepower hour, averaged as nearly as may 
be 1% oz. per lamp hour, or 1^x12x3 = 63 oz. = 
0.576 gallon for three hours* burning of a 12-Iamp 
car.f Calling this in round numbers 0.6 gallon per 
car day (= 4.8 gallons for 24 hours burning of 12 
lamps) this requires 219 gallons, or 5.215 bbls., per 
year per car, or 208,600 bbls. per year for 40,000 cars, 
the *' visible supply " being 2,700,000 bbls. 

2, Compressed Oil Gas:— "A fairly good yield of the 
gas, which can be obtained in every day practice, is 
70 to 85 cu. ft. per gallon of crude oil" according to 
one statement based upon long English experience; 
according to another statement 70 to 90 cu. ft. is 
obtained in England. American experience runs 
lower, however, varying between 45 and 70 cu. ft. 
Full details were given on pages 100, et seq., 
showing that about 60 cu. ft. of gas from each gallon, 
or 2,520 cu. ft. per bbl. of crude oil, is a fair average 
of good American practice. The Erie works, one of 
the oldest in the country, is now regularly realizing 
about 70 cu. ft. per gallon. 

Each of the five 4-flame lamps which have been as- 
signed to each car above, will burn when giving their 
maximum light 2.75 cu. ft. each per hour, or 13.75 cm 
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ft. per hour in all, equal to 41.25 cu. ft. per car per 
-day, or 15,056.25 cu. ft. per car per year. To produce 
this quantity requires, at 2,520 cu. ft, per bbl. of 
oil, a little less than 6 bbls, of oil. For 40,000 cars, 
this means the consumption of 240,000 bbls. of crude 
oil per year, the "visible supply" being 30,000,000 
bbls. 

3. Frost Carbureters:— This plant works in two 
ways, as explained in detail on pp. 75-96. 

Method 1. According to its theory of construc- 
tion, by merely charging air with such amount 
of gasoline vapor as it can take up when both air 
and gasoline are below the boiling point of the latter 
(llO** F.), and ; 

Method 2. By heating the gasoline, in part or 
whole, to or above its boiling poiut,and thus turning 
it gradually into steam, which may or may not mix 
with a certain amount of air on its way to the 
i)umer, according to the amount of pressure 
created by the gasoline steam. 

We have no experimental evidence that the gaso- 
line plant ever works according to Method 1 for 
any length of time. It is quite certain that it does 
not work so, but by Method 2, in the form of the 
plant which was supplied and erected for our tests 
by the manufacturers, and which has been and (so far 
as we are advised) is now almost exclusively used 
on all roads using the plant except the Pennsyl- 
vania. Indeed this form was in use for a time on 
quite a number of cars on the latter road, until the 
attention of its officers was attracted to its real 
nature. It is certain that the Pennsylvania form of 
the plant will not direct nearly so much heat around 
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the carbureter as that used on other roads, and re- 
membering also the evidence of the photometric 
tests, which show that much less light Is given 
off by the Pennsylvania plant than by the newer 
form (compare Figs 71, 72, and Fig 70), we judge that 
the Pennsylvania plant as originally devised and as 
now exclusively used on that road heats but little of 
the gasoline above the boiling point, or perhaps none 
at all. 

We can only consider accurately, however, the 
plant which we have experimentally tested and 
which is still in most cceneral use, giving it credit 
for the extra light obtained, and extra consumption 
of gasoline. For comparative purposes as indica- 
ting what might possibly be proven for the plant if 
tests were made under Method 1, in which all boil* 
ing of the gasoline was prevented, we may assume 
that with only half the consumption of gasoline 
half the candle power might be shown. This is mak- 
ing a favorable assumption for the plant, however, 
as mixing half as much gasoline with a given quan- 
tity of air would more than halve the photometric 
power of the gas. Under Method 1 only 40% of 
gasoline by weight, at most, can be taken up by air 
(See p. 10). Under Method 2 the gasoline used aver- 
aged 174% of the weight of the aur used (See p. 19) 
in the tests from which we derive our photometric 
records ; i. e., 1.92 gallons of oil (168 oz.) burned for 
41 hours and was mixed with 72 cu. ft. (88 oz.) of air 
in that time. 

At this latter rate the five lamps assumed for each 
car would burn 9.6 gallons in 41 hours, to which 15^ 
should be added for wastage, making 11 gallons in 41 
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hours. In. a year the lamps will bu^ro 3!S5 x 3 = 1,09|$ 
hours, whence 2SSJ gallons, or 7 bbls. of gasolinid 
per year will be required to light one car. For 40,0QQ 
cars this becomes 280,000 bbls.. the '* visible supply** 
being 189,000 bbls. If we assume, as above, that 
under Method 1 half this consumption will suffice 
for half as much light, obtained without boiling the 
gasoline, we still need 140,000 bbls. per year, or 
nearly all the present visible supply, assuming it to 
be all used for this purpose. 

This supply is, on the one hand, capable of large 
increase (perhaps to double or more its present vol- 
ume) as demand increases, and, on the other hand, 
is even now heavily encroached upon to supply 
fixed gas plants and other demands of the arts. The 
balance must be struck according to one's individual 
judgment, all that is certain bein^c that the supply 
appears to be unequal to any very large increase of 
present demands, without increase of price. To some 
extent increase has already taken place. When the 
first experiments in gasoline car lighting began, the 
lighter gasolines were almost a waste product. 
They are now the dearest of the commercial petro-, 
leum products.* 

Summarizing the above, and adding from p. 200» 
the photometric eflSciency in candle powers de-. 
termined for the several plants, we have found 
that to light 40,000 cars for one year by each 
of the above methods requires 208,000 bbls. of min- 

* Mr. W. B. D. Penniman writes us in regard to this, 
para^^raph : '*lt was a waste product at the refineries, but 
not in the market. In my experience in the last three or 
four vears it has gone down in price, and we are now pay- 
ing 951^ cts. for it, delivered as we please." 
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era] sperm oil for lamps, giving 273 circular c. p. 
per car (from which about 20% should be deducted 
for imperfect trimming of wick, etc., in service); 
240,000 bbls of crude oil for making gas, giving 202>f^ 
c. p. per car, 230,000 bbls of 88° gasoline for car- 
bureters operated under Method 2, and giving 395>^ 
c. p.per car, 140,000 bbls of 88° gasoline for carbureters 
operated under Method 1 and giving 197.8 c. p. per 
car.* 

The cost of these illuminants we take at 9.2 cts. per 
gallon for mineral sperm oil, 15 cts. per gallon for88*' 
B. gaso]ine,and about 4 cts. per gallon for crude petro- 
leum, the latter, however, being a figure which does 
not directly concern us, as it is included in the cost 
of ihe gas per M. cu. ft., which latter we have yet to 
determine.f 

On pages 97-131 we gave such full details as 

*Mr. Gbo. Gibbs writes us In regard to amount of lights 
**I think your figures for the Frost system too high for 
average running. I find all forms of taeir lamps give 
very irregular results, depending upon condition of lamp« 
and charge in carbureters." While thi:* may be true m 
some degre«>, however, we do not fe*i\ justified in making 
any deduction from our photographic records for the car 
bureters. as we do for the oil lamps, where its propriety 
is indisputable. 

tSome further information as to cost of Pintsch com- 
pressed gas is given in the discussion of a very recent 
paper on "Railway Train Lighting." (chiefly referring to 
electric lighting) by Mr. VVm. Langdon (Proc Inst. C. E., 
vol. OVI., 89J-91, p. 1541 Mr. J. P. RiCKMAN (Gr. No. Ry.) 
stated that on the Northeastern Ry. the cost of oil gas 
from works supplying 600 coaches [perhaps equivalent in 
demand for light to 100 of our cars.— Ed. 1 was 8s. 6d. 
<f2.05) per M. cu. ft. His own company supplied the 
Nortn British at $2 per M cu. ft., out of which **they 
made ^ust enough to pay their way." The expense of 
filling meant a few laborers and porters ao ^ per week, 
80 that the cost was a mere bagatelle." 
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to the cost of manufacturing tbe gas at 13 
different works, that we will now merely summarize 
and compare the final aggregates of those details. It 
is to be remembered that we have already allowed 15% 
on the first cost of the plant, or $15 per car per year 
for interest and depreciation of the fixed plant only, 
which latter items we do not need to consider again 
as part of the cost of producing gas. The total 
yearly consumption of gas per car being about 
15,056 cu. ft., as above determined, this allowance 
of $15 is $1 per M. cu. ft. for interest and depre- 
ciation; the allowances made for these items in the 
statements on page 102, et seq.^ having been 
723^. 56, 27, 20 and 28 cts. respectively, or all much 
less than we allow. 

The cost for oil, fuel, labor, compressing, running 
repairs to plants and delivery in car receivers was 
thus reported in the successive statements. 

Cost per M. ft., 
Hunter's Inst. C. E. paper (p. 99) f 1.58 

AYRES' Inst. C. E. paper (read April 10, 1888) {I'll® 

Mean experience of six English railway systems. . 2.27^ 

One American works, producing 3,000 M. ft, per 
year (but obtaining only 46 cu. ft. per gallon of 
oil) 3.65 

Another do. in same city, producing 4,000 M. ft. per 
year 1.83 

N. Y. C. & H. R. R. R. plant, operated by Pintsch 
Co. and producing 9,000 M. ft. per year (including 
tankage of gas to Grand Central Station) 2.35 

Erie plant at Jersey City, producing 6,500 M. ft. 

per year IH^^™°^ H? 

*^ '' \2d 6moB. L81 

From this the assumption seems to us warranted 
that f 2.20 per M. cu. ft. represents a fair general 
average of the cost of the gas in the tanks, includ' 
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ing a certain amount of transportation in tank 
cars. On many favorably situated roads the cost 
may fall considerably below this, down to perhaps 
$1.75 per M. ft.; on o*:hers, unfavorably situated as to 
the supply of coal and oil and amount produced, the 
cost may rise to $4 or over for a time. When the 
gas is purchased in small quantities the usual price 
is $5, which either includes a good-sized profit or 
the loss from running new works below their proper 
capacity.* 

The varying cost of the crude oil alone makes a 
considerable difference in the cost of the gas. It 
can, of course, be obtained most cheaply when a 
pipe line is accessible. With crude oil costing per 
gallon: 

2 cts. 3 eta. 4 cts. 5 cts. 6 cts. 

the cost for oil only of gas per M. cu. ft. of gas, at 
60 cu. ft. of gas per gallon of oil, will be: 

33 cts. oOcts. 67 cts. 83 cts. $1.03 

The actual reported cost of the oil only per M. cu. 
ft. of gas varies in the American works from 33 cts. 
to $1.20. 

We can now prepare the following summary of 
the daily cost of illurainant per car by the various 

* There are considerable variations in the price of oil 
and gasoline, aci ording to location and the circumstances* 
Oil ranges in price from 7 cts. to (for small lois) 15 cts. 
Gasoline of 88* B. can be and is bought for delivery at 
points near refineries as low as 9^ cts., as shown by a 
previous note. We consider the effect of these differences 
below, but regard the prices given as the fairest general 
averages. The Railway Lighting & Manufacturing Co. 
(Frost system) itself uses 15 cts. per gallon in its circulars 
for estimating the cost of lighting by its system; but Mr. 
W.B. D. Penniman writes us that he is quite certain that 
It can be bought for 11 cts. by any large consumer. 



BfsteiDB. For the visual units we take the meait 
shown by Fiaa. 74, 75. 
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It \i'il1 be seen from the last column above that all 
three of these plants provide a very brilliant light. 
The ■' visual UQit," as defined on p. 201 la one 
effective candle power at a distance of 4.6 ft. 
sending rajs perpendicularly upon a surface at 
an angle of 43° with the borlzontaL With some 
39 candles burning at this distauce, as defined, the 
passenger would have all the light which he could 
reasonably require for reading the finest print. 

There remains but a single element to be deter- 
mined before we can make a final summary of the 
comparative cost of lighting cars by oil, oil gas and 
gasoline gas. viz.. the cost for attendance and minor 
supplies, including chimneys, sbades and globes, 
new burners when necessary, and cleaning, fllliog 
a.nd adjusting lamps. It is in the nature of thlnm 
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all but impossible to make an accurate estimate of 
this item for any system of lighting on any road, 
but as an average between many different esti 
mates we believe the following to be substantially 
accurate, erring, if at all, in favor of oil lamps and 
(in much less degree) carbureters, by estimating 
their cost for this item too low,* 

Cost of cleaning, attendance, glass breakages, small re- 
pairs, etc. 

Per year. Per day. 

Oil, lamps, 12 per car ,$18.25 Sets. 

Pintsch gas, 5 lamps per car 7.30 2 ** 

Frost carbureters, 5 lamps per car 10.i)5 3 

There is still another expense connected with the 

use of oil lamps, that of injury from spilled oil for 

• 

* Mr. Gko. Gibbs, in his paper before refer»-ed to, allows 
3.18, 1.65 and 3.Sj cls. per day of tbree hours for care of oil, 
gas and carbureters respectively, instead of 5, 2 and 3 
cts. respectively which we have adopted. He stares that 
this is in each case based upon thf> actual experience of 
his road, whi h as respects oil lamps was for a stock of 
166 passenger cars, but as respects the other two was for 
80 »mall a nu jiber of cars as to be open to some suspicion, 
though based upon exact record^. His t^stimate for oil 
lamps includes the sloreKcepers' charges for burners, 
chimDey^', shades and small supplies, while the attend- 
ance charges were carefully deducted from the payrolls, 
with allowance foe time of men partially employed so far 
as possible. These figures seemed so very low, however, 
that we have slightly increased rhem as above, and we 
believe them still to be too low. Our guess would be that 
10, 4 and 6 cts. would come nearer to the truth, all items 
considered. Some official German estimates of the cost 
of cleaning lamps show that oil lamps and compressed 
gas compare as to this item in the ratio of ^.30 to 85 cts., 
and in all items, per lamp hour. In the ratio of 70 cts. to 
0.15 or 0.1 9 cts. A variety of other Geiman estimates of 
this kind which we have examined show ab uc this ratio. 
One shows th^ yearly cost of ai tending a gas lamp to be 
only 36 ^> cts., against f 4.02 for oil In mps. The conditions 
of se vice are so different in Germany that direct use of 
these statistics for estimating purposes is difficult, but 
relatively they should be about fair. 
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which some allowance should be made, though we 
do not make any because it is impossible to estimate 
it exactly. It appears from an abstract of " Acci- 
dents in the Railway Mail Service," published in 
Engineering News, Jan. 30, 1892, that 2% yearly 
(1.97%) of the postal cars in service have oil spilled 
from lamps as an effect of train accidents to a suffi- 
cient extent to damage the mails more or less. The 
instances in which oil is thus spilled from careless- 
ness or structural defects, without any train acci- 
dent, might easily bi3 still more numerous. An 
allowance of $10 per car per year for this cause mi^ht 
not be unreasonable, la sleeping, parlor and other 
carpeted cars the loss from this cause is generally 
stated at a much higher figure. 

We can now make (Table XII.) the followinjr sum- 
mary of the TOTAL YEARLY COST OF LIGHT- 
ING A CAR, including all items of every nature and 
kind whatsoever except that of injuries from spill- 
ing oil. We subjoin to our table a rearrangement 
in the same form of the estimate of Mr. Geo. Gibbs, 
Mechanical Eno:ineer, Chicago, Milwaukee & St. 
Paul Ry., in order to facilitate comparison. We 
consider his estimate far too low for oil lamps, and 
somewhat too high for Frost carbureters.* 

Change the figures set forth in the large accom- 
panying table as we may, and keep within the 
bounds of reason, the comparative result se^ms 
to come out much the same. The table above is in 



* The following estimate was prepared some years ago 
for the Baltimore & Ohio road. Several important con- 
ditions have chaim d sincK then, and for that and other 
xsasons it is not now conaidercd accurate in detail, but we 
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such form as to make it easy to study the effect of 
any change. The first cost cannot be materially 
modified. The depreciation allowances cannot ra- 
tionally be modified more than 2 to 3% either way, 
and such change would have little effect upon 
the comparison. The amount of light, and with it 
the consumption of oil or ^as, cannot be decreased 

have requested permission to give it for compleieness, 
and as an entirely independent estimate. 

Oil. Comp. gas. Carb'ters. 
No. of cars taken as a 

basis 100 100 100 

Cost of permanent plant.. None S15,0a0 None 

No. of lamps per car 3 3-6 flame 4 Excelsior 

Averaare C. P. for 10 hours. 78 c. p. 130 c. p. 104 c. p. 

No. of burning hours bet. 

refiliiD{2:3 10 hours 25— 49 hours 120 hours 

Cost per car of plant on do. $203 $228 $329 $368.76 

** of operating per hour. 4 cts. 2 cis. 2 cts. IV^cts. 
Total cost of lighting 100 

cars 100 hours $400 $200 $200 $150 

Total cost of equipping 

100 cars $20.3^0 $37,80J $47,400 $36,876 

Taking 3 hours per night 

as an average burning', 

cost of lightirgone car 

per year - 1.095 hours... $43.80 $21.90 $21.90 $16.42 

if we add to this operat- 
ing cost our assumed in- 
terest and depreciaiion 

allowances of 14^ 11 and 16^ 13^ 

Or in money, per car $28.42 $49^08 $60. 19 $47.94 

We have as the total cost 

per year for lighting 

one car one year $72.22 $70.98 $82.09 $64.36 

If these estimntes were corrected to be on a basis of 
equal light, they would show oil to be the most expensive 
of the three and compressed gas the cheapest. If we as- 
sume that 50^ of the above totil cost varies directly with 
the volume of light, which is rudely approximate, the 
cost per year per car of each mode of lighting would be: 

Oil. Comp. gas. Carb'ters. 

Fcrl30c. p $96.80 $70.98 $82.09 $72.40 

For 200 c. p $128.70 $90.32 $105.19 $94.06 



236 

more than 25% and have sufficient light. About 150 
c. p. per car i3 now considered essential, and 200 c. p. 
is necessary to give what is now considered first- 
rate lighting. The three systems run so close to 200 
c. p. each, as above tabulated, that for all practical 
purposes they may be considered as giving equal 
light. 

Attendance and small supplies is a more dubious 
and variable element. Mr. T. N. Ely, Gen. Supt. 
M. P. Penna. R. R., informs us that he has recently 
had occasion to make a very careful investigation 
of both systems, as to which it would be best for 
them to use, which fully convinces him, among 
other things, that the cost of care, cleaning, regulat- 
ing and so forth of a compressed gas system would 
much exceed that of carbureters. We can not adopt 
this conclusion as generally applicable, but it 
is an opinion entitled to great weight. Adopting it 
tentatively, by transposing the estimates for this 
item, so as to make this item cost 50% more with 
compressed gas than with carbureters instead of 
vice versa, we have : 

Oi> lamps. Gas. Carbureters. 
Instead of the above 

totals $62.90 $90.85 9100.74 

deduct 7 30 deduct 10.95 

and add 10.95 and add 7.90 



Total, with attend- 
ance charges re- 
versed $62.90 $94.50 $97.06 

If our estimates for cleaning and attendance err 
at all, in our judgment, they err in beins: all too 
small, rather than in their ratio to each other. In* 
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creasing them to 10, 4 and 6 cts. per day per car in- 
stead of half those figures, 

We add to our esti- _ ^ 

mate above .....:. $18.25 $7.30 $10.95 

Making the total $81.15 $98.15 $111.66 

Or, reversing the charge for the gas and carbureter 

systems, according to Mr. Ely's suggestion, we 

have : 

$81.15 $105.45 $101.36 

If we assume gasoline to cost 11 instead of 15 cts. 
per gallon, it will deduct $5.84 from the cost per 
year per car by that system. If we change the esti- 
mated price of gas either way from $2.20 per M. cu. 
ft. it will add or deduct about $1.50 per year for each 
10 cts. per M. ft. of change from that figure. 

With all these figures before him, the reader can 
take his choice or make new figures of his own. It 
is to be remembered, however, that the economy of 
the compressed gas system varies, far more than 
either of the other systems, with the number of cars 
equipped for it, and hence on its first introduction 
the compressed gas system labors under a disadvan- 
tage from which the other two are free. The 
above estimate is intended to exhibit the cost when 
all or nearly all the cars of a considerable road are 
using it, not when it is first applied to a few cars. 

In the last noted feature of the above comparative 
estimate, morever, "Hoars of light between charg- 
ing," the Frost carbureter plant has a decided balance 
in its favor, and if there is really any important gain 
in operating convenience from this difference, some 
money value should be assigned to it. We make no 
such assignment because we are unable to perceive 
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that the difference is of moment, "when the compar- 
ative ease of charging is taken into account. Charg- 
ing with compressed gas is a very simple, quick and 
(with ordinary care) safe operaMon. The Pennsyl- 
vania Railroad has always charged its passenger 
cars with coal gas, when required, while cars were 
in transit and stopping at the stations. Charging 
carbureters with gasoline is a much longer opera- 
tion, and to avoid possible accidents from spilling 
gasoline it is required to be done by daylight, outside 
of station buildings, and while cars are out of 
service. The frequent fillings required for oil 
lamps, with their attendant dirt and smell, are un- 
doubtedly one. of the evils of that system of light* 
ing, but as respects the two gas lighting systems, it 
seems to us that between coupling on a hose for a 
few moments at the end of each round trip, and 
going through the more elaborate process of charg- 
ing carbureters every fourth or fifth trip, there is 
little to choose. 

As for the cost of lighting cars by electricity, we 
gave such full details on pp. 180-193 that we 
need not go over the ground again. It is as 
yet not a feasible system for general use, yet its cost 
is not so excessive as to be unreasonable for trains 
" de luxe," as they are called abroad. Its first cost 
varies from $400 per car upward, according to the 
number of cars per train, and the average cost per 
c. p. hour of all the eight different records given, 
has been 0.081 ct. per c. p. hour. This has been for 
the most part on an all-night service, whereas we 
have assumed only 3 hours per day (43^ hours in 
winter; 1}^ hours in summer) to be the average period 
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of lightiDg for all the cars on any road. But this 
average is made up by some of the cars running all 
night, and others only in day time, so that for merely 
approximate comparative purposes we may take 
the above cost per candle power hour and multiply 
it by 3 (hours) x 365 (days) x 200 (average candl© 
power per car heretofore assumed) giving $177.39 
for the average cost per car per year of electrically 
lighting all cars, to which is to be added at least 
$40 per year (10%) for interest on first cost and de- 
preciation, making $237.39 per car per year in all, as 
against less than half that sum for oil or gas. The 
gap is great, but it is quite likely to be bridged. 



m 



The Comparative Safety of Various Oar- Light- 
ing Plants. 



Safety and danger are relative terms. In a liter- 
al sense there is hardly a known substance or pro> 
cess so safe as not to be at times dangerous, or so 
dangerous as not to be at times safe. A carpet is by 
general admission a tolerably safe ai^d harmless 
article for general use; yet it has been put on record 
that in France there were 14 persons who suffered 
death in staying at home and there tripping over 
carpets to 10 killed in railway accidents.* 

On the other hand, dynamite is by general ad- 
mission a highly dangerous substance for general 
use; yet it is on record that when it was first intro- 
duced it was claimed to be as safe and harmless as 
corn meal or sugar to handle or to transport, ex* 
cept when in the presence of exploders. Elabo- 
rate experiments were made tending to show this, 
and which in a sense did show it, in order to 
persuade the railways that no restrictions were 
needed on its transportation. It was thrown in 
large quantities on bonfires, and burned harmlessly. 
Boxes of it were thrown from the top of the Pali- 
sades, falling some 200 or 300 ft., and stones then 
thrown down upon them. It was placed upon 

^"Railroad Accidents/' by Chas. Francis Ajdams, p. ^S. 
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wooden floors and pounded, and small quantities 
were even placed upon iron and struck with a liam- 
mer to show that though small detonations would 
occur under the hammer, they were not of sufficient 
force to explode the rest of the mass lying along- 
side. These tests were also made with frozen dyna- 
mite, and considerable quantities were frozen and 
thawed repeatedly to show that there was "no 
danger" in that. 

As a consequence, many of the railways were con- 
vinced, and transportation at low rates (for dy- 
namite) was granted. It was but a very short time 
thereafter before a series of frightful disasters began 
to demonstrate the inconclusiveness of these experi- 
ment s. Seme of these accidents occurred under cir- 
cumstances which difTored from the prior tests only 
in result — seme of them from causes or circum- 
stances which had not been anticipated. The priv- 
ileges previously granted were speedily withdrawn 
and have not been renewed to this day. No rail- 
way engaged in general traffic will now transport 
dynamite on any terms, if it knows it. 

This proscription usually extends even to con- 
struction trail) s; but an explosion occurred May 19, 
1891, on the New York Central & Hudson River 
R. R, of some dynamite which was being carried on 
a flat car in a construction train, killing 19 workmen 
and injuring others. The carriage of the dynamite 
on the train was claimed to be contrary to orders. 

This record as to dynamite illustrates one truth 
which it is important to keep in mind. Laboratory 
tests of all kinds which attempt to prove that 
any substance or process otherwise open to suspicioii 
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is "not daDgerous*' have that fatal element of in- 
-coDcIusiveness about them which attends all efforts 
to prove a negative. What they set out to prove, 
and have often been too carelessly assumed to 
prove, is that such substance or process is under no 
circumstances dangerous, or unreasonably or ex- 
ceptionally so. What they actually do prove is 
merely that under the specific conditions tried, 
and in the specific hands which tried them, they 
are or are not thus dangerous. The distinction is a 
broad one. 

Nevertheless, though every process is at times safe, 
and each is at times dangerous, we are all Gonscious 
that there is a foundation of truth in the popular 
practice of roughly dividing all substances and 
pl?oce&se8 into two great classes, **safe*' and "danger- 
<ms,'* according as there is a preponderating tend- 
ency to safety or danger. We take it that the 
distinction is a just one, analogous to that whic^ 
ie drawn in mechanics between stable and un- 
stable equilibrium. A substance poised so that 
the application of any extraneous force, orttierD* 
Bftoval of any of the props which support It will 
topple it over, is in "unstable" or dafiger&ue eqtii* 
librium. A substance which can only be dietofbed 
by the apnlication of some extraneous fbree» and 
wliioh when that force ceases returns to its o^igiBal 
position, is in ''stable** or safe equilibrium. 

As another illustration, all horses are at times edli- 
troUable or "safe"; all horses may at times run away 
or become "dangerous.** But the horse which ratts 
away only from some specially startling cause, and 
tends to qviet down again when that eaneeiam- 
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moved, is a "safe" horse; the horse which is only 
mana$;eable under the watchful care of a good 
driver, and when he does run away becomes more and 
more excited and uncontrollable, is a ''dangerous'* 
horse. The livery-stable keeper who has to turn his 
horses over to the tender mercies of all sorts of 
drivers prefers the "safe" horse every time; though 
for his own use he may choose the "dangerous** one 
as good enough for him and quite safe in his hands. 

The three illuminants used by the three different 
systems of ear lighting which are alone now promin- 
ent are: <1) Mineral sperm oil of 900' F. fire test; (2> a 
fixed gas; and (3) the ligbteft^ form of gasoline, of 
£8*^ Beaum^, which it is emphatically asserted in all 
instructions for using the plant must not be any 
heavier, but which may be and often is lighter, run- 
ning down often if not frequently [See page 07] to 
9i« B. gasoline, which boils at 82« F. under 3 lbs. 
prsBBure. 

Measuring these three substances by the standard 
ipre have endeavored to define, and considering them 
only as substances, apart from the plant used for 
Miming them, it will not be disputed that the first 
two, heavy oil and a fixed gas, are justly definable 
as "safe" substances. Long experience has shown 
that they may be used by millions of ordinary men 
with no more than the usual and instinctive care 
which the millions give, with such an approach to 
impunity as to make accidents the rare exception. 

By the same standard, gasoline of all gravities, and 
especially the light 88" to 91" gasoline, is a "dan- 
gerous** substance, one of the most subtle and 
elusive combustibles and explosives known to man. 
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It does not follow that it should not be used. It 
does not follow that its use may not be made safe 
and justifiable. Steam itself, man's best and (as yet) 
sole efficient servitor for power, is a substance of 
like nature, though in much less degree. 

But if the use of gasoline be made safe, it can only 
be the **unstable" kind of safety, from the nature 
of the substance. It may be perfect while the props 
and balances which maintain it are perfect, but it is 
liable to ''slop over" into danger if any one of these 
props fail. There is a presumption against the 
general use of gasoline as a car illuminant, there- 
fore, which does not exist against the use of either 
one of the other illuminants. The burden of proof 
is not upon him who suspects it to be dangerous; 
it is upon him who asserts it to be safe. He is not 
doing justice to himself or to the public who does 
not assume and maintain toward the use of such 
an illuminant for car lis:hting a mental attitude 
of keen, unyielding skepticism until it is proyed 
beyond a shadow of doubt that (1) there are 
material advantages to be gained by its use, and 
(2) that the plant in which it is used is so perfect 
in design and function that it involves no liability 
of "slopping over" into danger in unexpected 
ways. For it is to be remembered that the case 
is not as with steam, where the choice lies be* 
tween using steam and going without power. If 
there were two or three other means of developing 
power, by which as many horse power could be 
obtained at equal or less cost, the question of whether 
or not the risks attending the use of steam boilers 
were expedient or justifiable would assume a yery 
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different aspect from what it has now. With steam 
we have no rational choice ; with car lighting we 
have. 

We now proceed to consider what theory and ex- 
perience indicate in regard to the safety of the 
several plants as actually constructed and used, 
beginning with the compressed gas system, the only 
form of which now before the public is the so-called 
Pintsch gas plant. 

THE COMPARATIVE SAFETY OF THE PINTSCH OIL 

GAS PLANT. 

The manufacture of the gas is essentially similar 
in its processes to the manufacture of coal gas, 
which has been carried on for over half a century* 
in every considerable town of the civilized world, 
with so few accidents as to make it one of the safest 
of processes. Occasionally small accidents occur, 
gasometers are struck by lightning, pipes leak into 
a parallel conduit filled with air, and an explosive 
mixture is formed ; bub the exceptions merely prove 
the rule. 

Experience and analogy seem to indicate that the 
same is true in substance of the Pintsch gas making 
plant. t We have been able to obtain record of only 
two accidents to any of these plants, about 175 of 
which are now in operation. A somewhat similar 

* The use of artificial gas was one of Mr. Wm. Mur- 
DOCK's inventions, and was used for lighliDf? the shops of 
Boulton &; VA'atr. in 1798. Its use became general in Lon- 
don, where the first works were erecied in 18J6. 

t The company claim that the Pintsch gas-makinRr pro- 
cess is safer than that for ordinary coal sras, and advance 
some plausible reasons therefor, which it has not seemed 
feasible to investigate with sufficient care to express a 
positive opinion on tbemu 
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plant, known as the Foster plant, but with im- 
portant differences of construction and arrange- 
ment, had two explosions, one at Ludlow, Ky., 
July 15, 1888, by which over 15 persons were 
injured, and one at Reading, Pa., March 3, 
1890, by which several persons had "narrow es- 
capes." The first accident was caused by an 
escape of liquid naphtha { which the now defunct 
Fobter company used instead of crude petroleum 
to make gas &om) from a pipe connection with 
the naphtha reservoir,* which caused the naphtha 
reservoir to explode ; the other f was also an 
explosion caused by a fire, and apparently 
of the same nature. The gas tanks did not ex^ 
plode, though the building was completely de- 
stroyed, and it was expected that they would. 
In both of these instances, the only serious accidents 
to " oil gas" plants of which we have record, inex^ 
perience and faults of constructiou may reasonably 
be regarded as the cause of the accident, and aa pe* 
culiar to the now defunct Foster plant. There was 
also an explosion which blew out a window 
of the Pintsch gas works at Mott Haven, N, Y,, 
Nov. 15, 1889. It did not destroy the storage 
tanks, nor do any injury of moment to the plants 
the company informs us, and originated from a leak 
in a retort in the gasworks. A similar but slighter 
explosion, due to causes explained in a letter from 
General Superintendent Olbausen, reprinted below, 
occurred March 16, 1891, at the gasworks cf the Cen- 

* See Cincinnati Inquirer, July 15, 1888, for details. 

t See Philadelphia Evening Telegraph, March 3, ISOQL 
for details. 
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tral Railroad of New Jersey, in Jersey City. The 
doors and windows were blown out, and two men 
were quite badly burned. 

Doubtless other incidents like tliat at Mott Haven 
and Jersey City have occurred elsewhere with 
Pmtsch gSLS, as they do at rare intervals with ordi- 
nary coal gas, but they appear to us to be so few and 
unimportant as to leave the process of manufacture 
as safe as ordinary gasmaking. 

The process of charging may cause accident by 
moving the car while the hose is coupled on, causing 
rupture of the hose and escape of gas, which is 
ignited. The company admits three instances of the 
kind (i.e., of the rupture) within eight years. There are 
but two records known to us of consequent accident 
to person or buildings from this cause. Doubtless 
there have been other like cases. In one case last 
fall, at the Grand Central Station in New Tork» 
a man was burned and a car set on fire and destroyed* 
by escape of gas due either to rupture of a hose or 
carelessness in coupling. The Pennsylvania K. R. haa 
been charging tankswilh coal gas in this way, while 
cars were stopping at stations, since it introduced 
gas lighting in 1872, 20 years ago. No instance of 
such rupture by careless neglect to uncouple was 
recalled by its officers a year ago, but about six 
months ago one did occur to a night express at 
Harrisburg, due to the moving of a train by & 
shiftinc: engine while a car was charging. The 
escaping jet from the charging pipe was shut off at 
once, but the escape from the car tank was set on 
fire by the car-fitters* torch while attempting to ex- 
tinguish it, and he was burned by the flames. 
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Not a single instance is on record of a car gad 
tank (or storas^^e gas tank) exploding, either as an 
effect of beat or concussion. The possibility of ex- 
plodinsj a car tank by concussion was made the sub- 
ject of tests by Mr. G. M. Hcnter,* with the result 
that blows of a weight of 400 lbs. falling 15 ft. on a 
16-in. recipient heated by fire, failed to cause any 
explosion even when a puncturing appliance was 
added. In a number of cases broken car wheel tires 
have punctured tanks, letting the gas escape with- 
out injury. Out of a number of collisions affecting 
cars supplied with gas tanks, there was a **most dis- 
astrous ' one on the Seacombe, Hoy lake & Deeside 
line, in England, t the carriages being * considerably 
knocked about." One train had the lamps lighted, 
and the other not. **No accident of any sort hap- 
pened with regard to the lighting." The Pintsch 
tank is exceedingly well constructed, with welded 
joints throughout, tinned ins ide and out, and tested 
to 300 lbs. pressure. Should a tank ever by any 
chance give way under its maximum- pressure of 
about 150 lbs., we need not explain to our readers 
that no explosion could occur, as with a steam 
boiler under that pressure, there being no "maga- 
zine of explosive energy" to cause it to do so, like the 
heat stored in the water of a boiler. The tank 
would merely rip open enough to relieve the press- 
ure. 

There have been one or more mistaken newspaper 



* Eng. News, April 13, 1889; Trans. Inst. C. E„ vol. xcv., 
p. 224. 

t Trans. Inst. C. E , vol. xc, iii. ; paper by ARTHUR 
Ayres, p. 45. 
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reports, however, of ** gas tanks exploding while 
being filled." One such (the only one we know of) 
resulted from a gas explosion in a car, which oc- 
curred at Jersey City, Feb. 12, 1891. In the Evening 
Journal and World of the next day, it was 
stated that the head of the gas tank blew out and 
was driven through the adjoining car. These reports 
were reprinted and sent about by circular, of which 
we received a copy. We immediately addressed a 
letter of inquiry to General Supt. J. H. Olhausen, 
and received from him the following reply : 

Sir: Answering your letter of 15th Inst. I would state 
that the articles published in the Evening Journal ajid. 
the World regarding gas explosion at Jersey City on 
Feb. 13 are erroneous. There was no explosion of the 
cylinder or tank. The facts are that an obstruction was 
noticed in the gas pipes of parlor car *' Dahlia " and our 
men thought they could remove this obstruction by blow- 
ing gas through the pipes under heavy pressure. Unfor- 
tunately for them, the car was closed tightly (both ven- 
tilators and windows) and they never thought about 
openiug the3e when gas was blown in the car. They went 
into the car afterward to shut off the different burners, 
and while doing this the explosion took place. It is pre- 
sumed that the gas ignited from either a lighted cigar or 
pipe; it may possibly have caught from the fire in the 
Baker heater. Under similar circumstances any gas, if 
good, would have exploded. The explosions caused no 
damage whatever to the gas attachments of the car; the 
only damage done was the breaking of car windows and 
disarrangement of curtains and some woodwork. 

The other accident referred to in circular [the explosion 
at the gas works at Jersey City, March 16, 1891, above 
noted] is explained as follows: One of the pipes in the gaS 
house stopped up, and in some way the oil seal on the out- 
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Bide became loosened and blew oat. Some of the oil caught 
fire and communicated to a small supply tank. The losd 
in this case amounted to very little, and we have re* 
arranged the pipes in a way which will render it almost 
impossible for another accident of this kind to occur. 
[Arrangement described on page 111.] 

By using ordinary care I see no reason why the Pintsoh 
gas is not as safe as any other system of car lighting. If I 
had not thought it was perfectly safe, we certainly should 
not have adopted the system on this road. 

Yours truly, J. H. Olhause.v, General Supt. 

Jersey City. N. J., April 16, 1391. 

There is at least one instance on record where the 
puncturing of a tank caused a very nerious disaster 
by ignition of the gas, at Wannsee, Germany, on the 
Berlin & Potsdam Rf^ilway, in 1887. A passenger 
and freight traia collided, perforating the gas tank 
under a second class carriage. The escaping gas W9» 
in some way ignited and several passengers 
(all those in one compartment, we infer) were 
burned to death before they could escape. We 
have learned of no other such accident to a 
Pintsch tank, but one of somewhat similar 
nature happened to one of the Pennsylvania coal 
ocas tanks at Thompsontown, Pa., soon after 
coal gas lighting was adopted, or late in the Wa* 
The gas cylinder was then in the closet, the pipes 
became disarranged, the whole contents of the tank 
were discharged into the car and caught fire from 
the car stove, and nine passengers lost their li^es 
The fault here of course was placing the tank inside 
the car. There was also another case some years 
later on the Pennsylvania R. R., when a car with a 
gas tank under it turned over on its side in a cut. 
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rupturing the tank or connections, and letting a 
stream of gas escape which in some way was 
ignited, burning a passenger and the side of the car 
somewhat. There was also a case on the Alton last 
year where a glancing side collision with a locomo- 
tive ruptured a pipe, the gas taking fire from the 
fi.rebox and burning the outside of the car some- 
what. 

We have also learned, in the process of our in- 
quiries, of a case where an oxygen gas tank of about 
the size of a Pintsch receiver exploded in England 
some 22 years ago, with consequences not on record. 
Such an instan'^e is hardly pertinent, since the pre- 
sumption is that the construction of the tank was 
faulty. 

An escaping jet of any gas under high pressure is 
exceedingly diflScult to ignite. To light freely a 
pressure of only an ounce or so is desirable. 
Recent experiments in Ohio have shown thin as to 
the Pintsch gas. The present writer found it to be 
true of an escaping jet of natural gas, which it was 
impossible to ignite with a mat^ held in any po- 
sition, though under low pressure it was as readily 
ignited as any gas. Of course the high pressure is 
by no means an infallible protection against ignition, 
but it is some protection. 

There was a serious accident near Paris, July 29, 
1891 (C. de F. de I'Est) where it was reported in the 
daily press that *'A gas tank had exploded and 
caused fire." This report was unf.mnded. A copy 
of the official report on the accident has been fur- 
nished us, from which it appears that the gas plant 
had nothing to do either with the causes or effects 
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of the disaster. A tank engine without tender 
was derailed, and two cars behind crushed upon 
it and took Are from the firebox. The gas plant 
was intact throughout after the disaster, though 
a leak had been started through which the gas es- 
caped. 

One of the most frequent causes of accident from 
city gas is its escape into a closed chamber, forming 
an explosive mixture with the confined air. Should 
gas escape from a Pintsch burner, however, it es- 
capes into a closed chamber, having direct and 
free communication with the outside air, and the 
gas being lighter than air, unlike carbureter gas, it 
tends to rise and escape at once. Hence, if there 
be escape from the burners, gas cannot remain 
about the lamps to cause trouble when the globe 
is lowered to light it. Nor is the gas likely to 
accumulate within the car to any dangerous ^extent 
if the globe be broken and the flames extinguished 
by some accident. Such an accident either will or 
will not crush in the upper works of the car. If it 
does, the gas readily escapes, since it rises in air. 
If it does not, then the passengers have room and 
opportunity to escape. The rate of combustion (12>^ 
to 13% cu. ft. per hour per car) is so slow that a car 
would have to be hermetically sealed for some little 
time to make it dangerous to confined passengers. No 
instances of trouble from explosive or asphyxiating 
mixtures are on record to our knowledge, under 
ordinary conditions, or under any conditions except 
as detailed above. 

* 

This system was introduced in Germany in 1871, 
and into England in 1876. It has since been in large 
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and increaflins use»^ being now used on about 38,000 
cars and (in (xermany) on nearly 1,000 locomotives. 
In view of this record of service with so trifling a 
record of accident, experience would seem to have 
established that it is an eminently safe system; ap- 
proaching as nearly to perfect safety under all con- 
ditions as it is reasonable to expect from any system 
using a flame as the source of light, not to say from 
any system of any kind. **A priori" reasoning, from 
the fact that it is difficult to put one's flnger on a 
single feature of the system which one might expect 
to prove a source of danger, except under some rare 
combination of unfavorable circumstances, leads to 
the same conciusioD, independently of the records 
of experience. 

A strong feature of the plant is that it is free from 
the danger of secret degradation of the quality of 
the illuminant, in order to make larger profit from 
a cheaper article, which has proved to be one of the 
most serious dangers with oil lamps. The crmpara- 
tive safety of this latter system of lighting we will 
now consider. 

THE COMPARATIVE SAFETY OF Oil. LAMPS. 

By tar the most frequent cause of accident with 
oil lamps has been the inferior quality of the oil 
used. It was not until car lighting by oil had been 
some time in use, and had given warning of the 
danger of low proof oil, that such a thing as 300° F. 
fire test oil was on the market. Even now there is 
very little of it on the market. Recent official testa 
in Ohio showed that very little of the oil in use came 
fully up to this standard, and much of it fell far 
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below it. Oil of llO^'to 120° F. fire test was used at 
first for both house lighting and car lighting, and it 
is still considered fit for household use, and the ac- 
cidents from household use of kerosene then resulted 
and still result chiefly from oils of a st 11 llower proof 
than 110° F., which are not only cheaper, but pleas- 
antertouse, except for their danger.* 

After the high proof oil was introduced for car 
lighting it was a long time l>efore lamps well adapt- 
ed to burning it were introduced, and before roads 
appreciated the necessity of testing their otls belOre 
aeceptance. The roads which test oils properly and 
faithfully are still the exception, and as the l^bter 
and more dangerous oil is cheaper as well as mere 
)ight giving, not a little of it still creeps inte use. 
Only last year there was a serious accident in Ohio 
(but without loss of life) caused by thenaeefeneh 
oil. A whole train of cats was burned up, with hea^y 
loss. All cas^s in which lamps are truthfully stated 
to hare '^exploded" may be set down with eertatnty 
as due to the use of low proof oils. Beginning with a 
frightful accident on the Great Western of Canada, 
in which eight persons lost their lives under peculiar 
circumstances detailed in our issue of April 26, IdBO, 
we might give quite a list of such accidents due to 
the use of inferior oil, possibly a dozen or more, as 
on the Savannah, Florida & Western, Jan. 88, 1888^ 
where five cars were burned as an effect of the ex- 
plosion of a lamp. It is a suspicious fact, however, 
that many of these alleged explosions of lamps hare 

occurred in winter, when stoves are also going. Thus 

— — — — — ^— — — — — ^— — — — ^ ■ I 

* The regulations for testing oils on varioas 
given in our issue of t:'ept. 26, 1891. 
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in January, 1 ^^90, a mail car on the Iron Mountain 
road, standing locked up on a side track, took fire 
and burned up, "it is supposed from an oil lamp ex- 
ploding." The supposition may be true, but if true 
it "is less discreditable to the men responsible for 
the car than if the stove had set it on fire. 

The same suspicions attach to some of the in- 
stances where the quality of the oil is not open to 
suspicion, as in the much discussed accident on the 
Cincinnati, Hamilton & Dayton, Jan. 17, 1890, in 
which all the passengers in two cars (fortunately 
only Aire) were killed or burned alire, and most of 
the train burned up. Mr. C. H. Cory, Supt. of Mo- 
trte Power, says in regard to this accident: 

As regards the Are in tbe. accommodation train, it was 
not caused by either the engine or the stoyes [plain cast 
iron ones.— Ed.], but was caused by the oil lamps in one of 
the cars bemg knocked down by the cars telescoping to- 
gether aikl canslBg tbe Are, the stoves in both ends of tbe 
ear UAt was Meseoped having remahied bolted to their 
pktoea in uprtght position, and no fire whatever scattered 
liom them. 

If this testimony be accepted as conclusive, this Is 
the most notable accident caused by oil lamps 
which we have been able to discover since the rec- 
ord opened with the Canadian accident above noted. 
Few of the fires set by lamps of which we have rec- 
ord have done more than destroy the car. It is 
fortunate fact that the usual effect of a general 
smash-up is to extinguish the lamps. We have 
heard of a few such instances, as one in September, 
18*74, where a lamp in a sleeper on the Wabash R. 
R. fell down and set fire to the car, which was 
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switched off and entirely consumed. In another 
like case on the same road, however, in October, 
1876, a lamp was shaken loose as an effect of a de- 
railment and set a seat on fire, but it was promptly 
extinguished by a brakeman. A Rood many aoci- 
dents of this nature may easily have occurred, of 
which no record exists. It is to be remembered al- 
ways that it is specially difficult to obtain informa- 
tion about minor accidents which do not get into 
the newspapers, especially if they occurred some 
time ago ; but we also made special efforts. 

Beginning with April 16, 1890, a notice was pub- 
lished for five weeks on the editorial page of En- 
gineering News, asking anyone who might know 
of instances where accidents from fire or other- 
wise had been caused by the use of oil lamps for 
car lighting, to Inform us as to the date, place and 
circumstances of the disaster. This notice, which 
was reinforced by a number of personal letters to 
and inquiries of persons who might be supposed to 
be well informed, elicited just seven responses, i. e., 
seven alleged instances, most of which are listed 
above. All of these, and all of some two dozen other 
alleged lamp accidents, of which we have found 
record in print, belonged to one or the other of the 
following classes : 

1. Fires set by lamps "exploding" or otherwise 
giving evidence that low proof oils were being used. 

2. Fires set by lamps shaking loose from their fas- 
tenings, because of bad mechanical details which 
(for the most part) are now obsolete. The best car 
lamps on the market, so far as we are advised, can- 
not possibly be shaken loose after they are once in 
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place by any force short of one which will tear the 
lamp from the socket. 

3. Fires alleged to have been started by car lamps, 
but occurring in winter and in cars heated by stoves 
which had tires in them at the time, so that the cor- 
rectness of the diagnosis is open to suspicion ; and 

4. Accidents of so slight a nature that the attend- 
ant circumstances are not clearly recorded. 

The list of fires set by stoves as an effect of train 
accidents is a long and still increasing one. Our 
list of fires similarly set by lamps, and to which 
lamps only could have contributed (i. e., of fires oc- 
curring as an after eff^ect of collisions or derail- 
ments when lamps were lighted and there were no 
stoves in use nor other known cause to start fire) is 
an absolute blank. We have done our best to get 
track of such incidents. We have not discovered a 
single one. If any reader knows of one or can refer 
us to anyone else who does we beg that he will do 
so. If there be any instances they must at least be 
very few and of slight importance. In fact, the 
serious accidents of any kind, which are in any 
manner charged to lamps and have been attended 
by the loss of more than two or three lives, cannot 
well number a dozen, all told. Out of all the rail- 
way accidents which occur and are of sufficient im- 
portance to get into the newspapers, the average of 
the past 20 years shows that about 8 in 1,000 only are* 
due to **cars burned while running." We have ex- 
amined the records of such accidents with some 
care and the vast majority of them occur in winter, 
and are traceable to car stoves or to sparks from 
the engine, or originate in hot boxes or combustible 
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freight. The oil lamp fires are an insignificant frac- 
tion, though more likely to be reported in the news- 
papers than the fires from the other causes. 

The records of the Railway Mail Service show 
very accurately all casualties which occur to persons 
or property in nearly 3,000 passenger train cars, 
which on an average are rather more exposed than 
other passenger cars. The record for 1891 [see En- 
gineering News, Feb. 13, 1892] stands as follows: 

Entire cars In use fiOO 

Entire cars m reserve 110 

610 

Cars with postal apartments, in use 1,781 

Cars with postal apartments, in reserve 500 

2281 

Total number of cars 2,891 

Total number of railway clerks 5^14 

Total casualties to cars (collisions, 112; derailments, 
122; ocher, 85) 810 

Wrecks followed by fire (1 set by stove?, 2 by lamps, 
9 unstated) 12 

Cars took fire without wreck (2 set by stove, 1 by 
steam pipes, none by lamps) 6 

Injuries to mail from oil spilled as one of the conse- 
quences of a train accident (usually as an effect of 
overturninK or severe shock) 45 

Postal clerks killed, 13; seriously injured, 68; 
slightly injured, 84 (none in consequence of fires 
set by o:l) IflS 

Kerosene of 110° fire proof, or thereabouts, is now 
burned in large quantities in almost every household 
in the United States, city or country. At a gusfls 
there may be 40,000,000 kerosene oil lamps in use in 
the United States. There are a good many acci- 
dents therefrom, but, after all, how few propoi^ 
tionately. Most of those which do occur are trace- 
able to the use of very low proof oil, and the few 
which remain are for the most part traceable to tte 
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formation of dangerous naphtha vapors which cannot 
originate in 300° fire test oil, as there are no naphtha 
constituents left in that oil, though there is a good 
deal left in household kerosene. 

For example, the frightful accident to Secretary 
Tract's family in the winter of 1890 was due, it was 
thought with some reason, to the explosion of an oil 
lamp which had been carelessly turned down and 
then left burning through the night. Under these 
circumstances the best household kerosene may gen- 
erate an explosive gas, but not 300° oil. The very fact 
that, though such oil is demanded for cars, 110^ oil 
is considered quite good enough for household use, 
is alone proof that too few accidents result from the 
household use of 110° oil to warrant any higher 
standard, for the difference in wholesale price be- 
tween 110** and 300** oil is so little that the retail 
price to families (about 10 cts. per gallon in New 
York) would remain about the same. 

Mr. Edward Atkinson, the well known econo- 
mist and expert in fire risks, President of the Boston 
Manufacturers* Mutual Insurance Co., which in- 
sures over ^500,000,000 at very low cost under Un- 
usual conditions of critical expert inspection and 
control, as most of our readers know, informs us 
that in the 150 or so factories which they insure, no 
fire loss exceeding $1,000 is on record charged to 
kerosene, and that the first fire loss chargeable to 
electric lighting -lately occurred and amounted to 
S300. They find the risk of fire from oil lamps to be 
quite a minor one. Yet we may note here better than 
elsewhere that in all these properties where kero- 
sene is used so successfully for lighting, the use of 
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gasoline or naplitha in any form for lighting pur- 
poses (except in the open air at a distance from 
buildings) is absolutely prohibited.* 

In both car lighting and house lighting there are 
undoubtedly a great number of small fires or bums 
which never become of public record, yet which, In 
the aggregate, cause far more loss and suffering 
than those which do. We have been told by well 
informed persons that the losses of the sleeping car 
companies from carpets injured by oil alone amount 
to over $:iOO,000 yearly. We have not been able to 
obtain any official records to that effect. Official 
records are hard to obtain on this subject, but we 
believe it to be true. 

It is also certain that oil reservoirs in the 
vicinity of fires started from other causes will help 
to aggravate and spread them. It can only do 
so as a fuel, however {i, e., by locally intensifying 
the fire) not as an explosive or specially quick 
combustible; and it has been plausibly claimed that 
when the victim of an accident is pinned fast, 
close to an incipient fire, the fiercer the fire in his 

* The Boston Manufacturers' Mutual Fire Insurance 
Co., had last year about 393,0U0,000 of insurance in force, 
on which the total losses were a iractlonless than $300*000, 
or somewliat less than a third of one per cent. These losses 
resulted from 257 separate fires, of which 11 only were 
from kerosene lamps, 11 from gas jets, and i from electrio 
lighting. The proportion of fires due to the means (^ 
lighting will bo seen to be extremely small, only about a 
tenth of the total fires being caused by all three of these 
modes of lighting together. From this it would appear 
that the normal proportion of losses chargeable to all 
methods of lighting together is, with this t93,OOOJ0OO <rf 
property, in the neighborhood of ^.000 per year. We do 
not Know what proportion of the mills are lighted with 
oil, and what with gas. 
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vicinity the sooner his sufferings are over, as a rule. 
If he is to have fire brought rapidly to him, which 
otherwise might not reach him at all, it is a different 
matter. 

The flames of oil lamps are quite sensitive to 
shock. As a rule which may have rare exceptions, 
any blow severe enough to break the metal 
parts of the lamp will also extinguish th^ flame. 
The oil can hardly be made to take fire loose on the 
floor, but ignites more easily if spilt on a carpet. 

Kerosene oil has for many years, since 1870 at 
least, been the standard car illuminant in this 
country. At the present time, although other 
methods of lighting are crowding oil out, all but 
about 4,000 passengers cars at most in a total of 
some 40,000 in the United States and Canada are 
still lighted with it.* 



* A committee of the American Railway Association 
issued in 1891 a circular letter of inquiry as to lighting 
passenger cars, the responses to which were as follows: 

Do you conBtder it an essential requisite in lighting pas- 
senger cars : 

1. That sufficient light shall be afforded to enable pas- 
sengers to read without difficulty in any seat of the car ? 
[Yes, 63: no, 26: unclassified, 12.) 

2. That the light shall be o.btained at a reasonable cost ? 
[Yes, 90; no, 2; unclassified, 4.] 

3. That each car shall have an independent source of 
illumination; bat is, that it shall not be necessary to 
take the car to any given station to receive i's pupply 
from a special plant? (Yes, 68; no, 12 (but representing 
31^ of the cars responding); unclassified, 16.] 

4. That the light shall be easily managed, cleansed and 
regulated by the trainmen, and that it shall not be 

geculiarly aangerous in ordinary use or in unsl^illed 
ands ? [Yes, 90; unclassified, 3.] 

How many passenger cars have you in service lighted 
by mineral oil ? [93 roads report 15,861 cars. ] 
How many passenger cars have you in service lighted 
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When we contrast the vast number in service for 
20 years past with the extremely limited list of re- 
corded accidents which are in any way charged upon 
the lamps, and when we consider further that 
nearly all these accidents are traceable to the use of 
improper oil or lamp fixtures, and that not a single 
accident of any moment is on record which has been 
clearly traced to an origin in proper lamps filled 
with proper oil, the reasonable safety of such 
lamps and oil seems to be established, by the rec- 
ords of experience alone. A priori reason- 
ing, based upon the known properties of the 
liquid and construction of the lamps would 
lead to the same conclusion, because no reason- 
ably supposable conditions seem to point to a 
probable source of accident, as will become evident 
by running over the various methods by which oU 
may give trouble. The most that can be said egainnt 
oil, in our judgment, is that in car lighting as in 
bouse lighting, while oil is a cheap and generally saf^ 
illuminant, it is also a troublesome one, and a fre- 
quent source of little annoyances, accideiltB and 
damages, from which most households are glad to es- 
cape by paying considerably more for gas, when they 
have the choice open to them. Gas is also generally 

otherwise than by mineral oil ? [49 roads reporc 8,C88 
cars. ] 

If you have tried any system other than oil has it pfo- 
duced satisfactory results? [Ye£i, 31; no, 7; undsMil- 
fled, 6.] 

Is there any reason which can be adduced, as the result 
of your experience, to apprehend greater danger from the 
use of well constructerl oil lamps, usin^ mineral oil uf 800* 
fire test, than irom other methods of liarhting now in use 
by you ? Yes, 6; no, 67; uncldissifled, :5.1 
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held to be the safer, especially where oil has to be 
used in large quantities, as in lighting halls and 
hotels, and this consideration doubtless has its in- 
fluence; but that it has no great influence is indi- 
cated by the fact that almost every city household 
also uses oil lamps, for aesthetic reasons only. 

Note: The following miscellaneous extracts from our 
correspondence in regard to the safety of oil liKhting will 
be read with interesc: 

Mr. Godfrey W. Rhodes, Supt M. P., Chicago, Bur- 
lington & Quincy R. R., writes us: 

A couple of years ago one of our oil lamps fell on the 
floor of a car in some unaccountable way. The car took 
Are and was completely burned before i ■ could be pub out. 
Pmons were in the car at the time, but of course got out, 
ana the fire was confined to the one oar. The lamp was 
supposed 10 have 300° oil in it [The C. B. &Q. is one of the 
rmaswhicbcarefuUy te-'tsitsoil.-Fki.Jand wasot first class 
make. It was located in the wash room at the heater end 
of the car. The end of this room had been partitioned off 
Withoatproviding for any ventilation throu«:hthe clear 
story. The result was that the top of the car got to be a 
little fnrn ce, and our conclusion was .hat it heated the 
all to such an extent that ic finally took fire. %»iuce then 
we have always pro vidtd for top ventilatien through in 
partitions where lamus are located, and I think The danger 
from this kind of accident is entirely removed 

Mr. W. H. Thomas, Supt. M. P , East Tennessee, Vir- 
ginia & Georgia By. system writes: 

Referring to yours of Jan. 30, 1892, in regard to Pullman 
car burnecTon this road Jan. 26, at Plaiaville, Ga., the oil 
issued to coaches and sleepers was tested and found to be 
of first quality. My theory of the cau*eoftbe fire was 
that the porter, after lighting the lamp in the drawing 
room, left it turned up too high and went out, closing ttie 
door after him. The fiamo from the lamp set fire to the 
Boot and head lining, burning the lamp from its fastening 
and allowing it to fall to the floor, netcing fire to ti^e state 
room furniture and fixtures. The heat becoming very in- 
tense, caused the glass in the door to break, when the 
flamef) rushed through the main body of car and destroyed 
it. The smoke from the lamp escaped through the venti* 
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lators in the upi)er deck of car, and the stateroom, beinic 
tightly closed with curtains drawn down, prevented the 
porter from noticing the condition of the lannp. 

Mr. J. H. McCoNNELL, Supt. M. P. of the Union Paciflo 

System, writes us: 

We have no record on this road of any accidents result- 
ing from the use of mineral sperm oil, except the disad- 
vantage of the lamps leaking at times and dripping on 
the carpet in the car. 

General Manager AiNsr ie, of the Wisconsin Centrt 1 

system, writes us : 

1 have never known of an accident which could be 

traced lo the use of oil of 300° proof. 

Mr. Jas. E. White, Gen. Supt. Railway Mail Service, 
Post Office Department, writes us: 

Replying to your inquiry as to whether reports aie 
made to this office of insrances where oil is spilled on 
mails '^r on the car, I bog to aay that we have now in use 
four different kinds of lights, namely, the Pintsob, tbe 
Frost, elecfric and oil, the oil beins: used very larfijely now 
in what is known as the Acme lamp, manufactured by 
Adams & Westlate, Chicago, 111 This lamp we find not 
only gives an cxcellf'nt li(;ht in the car, but is so arranged 
that the liability of oil overflowing is almost entirely 
overcome, and I doubt very much whether any consider- 
able quintity of oil is spilled on the car floor or on the 
mail except when accifienia occur. 

It is poftsible and probable thai in filling lamps a small 
quantity of oil is occasionally spilled upon the floor, but 
my experience with the Acme lamp and with the lamp 
manufactured at (Cincinnati called the Post lamp, is that 
very lii tie, if any, oilis spil'ed either on the malls or on 
floor of t he cars, and for this reason we have never con- 
sidered it necessary to require report to be made of tbe 
fact to the Division Superintendents and by them to thifl 
office. 

Correction.— The Safety Car Heating & Lighting Ca 

send us the following correction of a statement in thQ 

article publi;xhed last week, discussing the comparative 

safety of their (Pintsch) system of car lighting: 

Wo wish to call your attention to a very serious error In 
Chapter XT., "(Comparative Merits of Various Systems 
of Car Lighting" in your issue of March 26, (See page S^7| 
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of this book.) The following statement is there made: 
'* In one case last fall, at the Grand Central Station in 
New York, a man was burned and a car set on fire and 
destroyed by escape of gas, due either to rupture of a hose 
or carelessness in coupling." 

The facts are the escape of gas was due to a leaky hose, 
and that the gas was ignited by proximity of a torch. One 
hand of the car filler was blistered and on one side of the 
car two outside panels of the wood work were scorched. 
The entire damagr) te the car was less than $27. Your 
Statement that the car was "destroyed" isentirely wrong, 
and is very damaging to our system of lighting. Know- 
ing that your intentions are to be perfectly fair in your 
articles on car lighting, we mu^t ask you to make a correc- 
tion of the above named 8<atement 

We cannot now explain how this error arose, but as ad- 
vance proofs of this, as of all the other articles of this 
series, were sent out for correction to all supposed to be 
concerned or well informed, we feel that we did all we 
could to insure correctness. 

THE COMPARATIVE SAFETY OF GASOLINE CARBU- 
RETERS. 

. Compar<»d with the range of experience with 
oil lamps or compressed gas, that with gasoline car- 
bureters is as yet limited, if reduced to a common 
standard of car-years. Several thousand car years 
of experience have already been had with this plant, 
however, and the record of accidents of any moment 
from its use is as yet short, and does not include a 
single death or serious injury to persons to our 
knowledge. 

A wreck at Thaxton's,Va., on the Norfolk & West- 
ern R. R., July 2, 1839, clearly demonstrated that 
fire would not cause the carbureters to explode if 
the safety valve remained open. A fire was started 
from the locomotive nearly an hour after a serious 
derailment. Part of the wrecked train was burned 
up, including a car lighted with five carbureters. 
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When the fire reached them they burned like so 
many torches, or as in the fire tests described on 
p. 44 et seq.j and in no way added to the seriousness 
of the catastrophe. The carbureters were so little 
injured that it was not unreasonably claimed that 
they could have been refitted and apolied to a new 
car.* 

The most serious accident known to us which was 
really char^able to imperfections of the carbureter 
light was the burning of a car in service on the Cen* 
trai R. R. of Georgia, May 4, 1891. We have made 
careful inquiries in all directions as to the real facta 
of this disaster, which seems to us to have ari^n 
from a heretofore unsuspected form of danger* 
below explained, and the following appear to be the 
facts, as nearly as it is now possible to ascertaio 
them : 

The Central R. R. of Georgia had caused three 
new cars, which the Ohio Falls Car Co., of Jeflter- 
sonville, Ind., were bui'ding for it, to be fitted 
with the Frost light (three lights to each car). This 

*Mr. R. B. Claxton, foreman of the jury which inveati- 
gated cbis disaster, crave us, on request, the following 
summary of the jury's view of the facts, under date of 
Liberty, Va., Sept. 3, 1889: 

'*(<>om the evidence adduced it was shown that the 
train at time of accident was running? at a very slow rale 
of spoed. and that the engine had passed nearly over the 
fill when it gave way At time of the Are the pilot of the 
engine was up near the track, on the easi side of the wash- 
out, the engine resting against the bank. The cars follow- 
ing fell into the washout, son:e of them being below the 
engine, when the coals from the fireboxfell on ihe limbers 
of the cars and caused the fire. It was J^-hour to 1 hour 
after the accident before the fire was «>igcovered. From 
the best of my recollection the washout was about SSft. 
deep and 80 ft. wide. 
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was applied under the direction of the manafactur- 
ers, who aUo sent a man to Georgia to instruct an 
employee in the care of the lamps. The^latter is ad- 
mitted to have discharged his duty properly, or at 
least, no charge of carelessness was made against 
him, and he was retaiaed in the company's service. 
The cars had been running between Savanuah and 
Atlanta about one month when the accident oc- 
curred. The most authoritative record of the facts 
which we have is as follows 

The car was charged [at Savannah! on May 2 and went 
to Atlanta that night, returning the following nis^ht. On 
both trips the lamp after burning awhile began to flame 
up and was extinguished. On the night of 2d. it burned 
three or four hours. On Ihe next trip from Savannah [May 
i, the night of the accidentl, without additional chargmg, 
t burned for an hour or so in shed, but after getting a few 
miles on road, began to flare up and was put out. After 
being put out the globe began to fill with gasoline, and 
when the porter went back to fix it he reported the globe 
to be quite full and very hot. He put his lamp on the 
floor and proceeded to empty the globe. The gasoline 
fell on the lamp and ignited, and the car was at once on 
fire beyond control. These were the facts as bi ought out 
on investigation. The lamp was evidently over barged, 
and had an expert been en the train on the two previous 
trips, he would have evidently detected the cauae aud 
remedied the trouble. What has never been explained 
is: Why did the globe fill with gasoline after the flame 
had been extin).;uisbed ? and why did this not happen on 
tte first night? I would have doubted the fact of lis so fill- 
ing after being put out, had not the testimony been so 
direct on that point. Judging from condition of car- 
bureters on the remaining cars, there could not have been 
a very great excess of liquid in carbureter, and as gas is 
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drawn from top of the carbureter, the liquid must hare 
boiled up and primed over, or a leak must have started 
in the bottom. As the car was completely destroyed, no 
evidence w<. 8 left as to any structural defects in that 
particular lamp and carbureter. 

Another equally authoritative account, and in 
some respects more detailed, is that when the lamp 
was seen to be behaving badly, a few miles out of 
Savannah, and a smell of fs^as attracted attention, 
the passengers called the conductor, and be closed 
the needle valve and went for\^ard througti four 
cars to find the porter. The porter found some ac- 
cumulation of gasoline in the globe, though the 
needle was closed, and he then went forward again 
to get some waste, carrying his lantern with him. 
On returning he placed his lantern on the floor at 
some distance from the imperfect lamp (claiming 
that he had had /prior experience with the lamp, and 
that he knew and appreciated the treacherous 
nature of gasoline) and opened the globe to wipe it 
out, having no match or fire about him. As he did 
so he was enveloped in flames, and was somewhat 
badly burned, but stopped to pull the bell rope. The 
passene^ers were watching him, and all escaped 
without injury, and the conductor, who also had 
warning, quickly took the necessary steps to cut 
the turning car free from the train, which stood on 
the track till the car had burned out (there being 
three sleepers behind the car). The train then 
coupled up and proceeded, the trucks of the burned 
car being thrown off the track.* 

* The newspaper accounts of thi3 disaster were (;iyen 
in Engineeiing News, May 6, 1891. The following is 
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These facts seem to us to indicate that the primary 
cause of the disaster was that one of the three lamps 
had not been burned for the two precedina; nights, 
causing a distillation of gasoline from the lighted to 
the unlighted carbureters, with or without some aid 
from a leak in the upper part of the carbureter. 
There can hardly have been a leak in the lower part, 
or the accident (or trouble of some kind) would have 
come sooner. 

On Aug. 30, 1891, an incident of some significance, 
which fortunately did not result in accident, hap- 
pened to the private car of Senator Cii lvin S. Bbice, 
President, Lake Erie & Western R. R., which was lit 
by five Frost lamps. At St. Paul, Aug. 28, Porter 
Young had filled the carbureters, using about 10 



from the official report of the Superintendent of Motive 
Power to the General Manager: "ReKarding burning of 
passenger coach of this road, lighted by Frost system, on 
May 4, 1891. conductor and porter said rear lamp in coach 
did not work well before leaving Savannah. When about 
four miles out it went out, and remained out for some 
time, when odor of escaping gasoline attracted attention 
of some of the passengers ; when one of them went for- 
ward and notified the conductor, who closed needle valve 
on lamp, and went to baggage car and instructed porter to 
light it. When porter arrived he found quite an accumu- 
lation of gaRoline in globe, and tried the needle valve and 
found it closed. He returned to baggage car for some 
wasle cotton to absorb the gasoline, and on his return 
found the globe half full of this liquid. Before reaching 
the lamp (knowing the dangerous nature of gasoline, hav- 
ing had experience with it on other roads), he took the 
precaution to set his lantern down on the floor in the cen- 
ter of the car. The moment he opened the globe, the con- 
fined vapor escaped and ignited, and he immediately was 
enveloped in a sheet of flame. The coach was standard 
50 ft., and had three of these inverted lamps." In the 
minor details wherein this account differs from the above 
it is probably less accurate, being of earlier date. 
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f^rallons of gasoline. He bad to use a "gravity llgbter 
than 86'"; he thinks d^ or 5' lighter. [The standard 
is88\] The next two days were bright and very 
warm, but the interior of the car was probably cool, 
the porter thinks from 65" to 70°. The porter could 
not say whether he filled the carbureters too full or 
not. At Chicago, on the evening of the 30th (Sun- 
day), the car was standing in the yard, and the 
porter was alone. He had not lighted the bedroom 
lamp, but thought he would light it, as all the 
other cars around were lighted. On opening the 
valve of the lamp, instead of gas, liquid g^oline 
isused at the rate of two drops per second, the por- 
ter thought, and caught fire as it came out, falling 
to the fioor and not into the glass globe, as that was 
lowered. About Ih^ tablespoonfuls. he thought, ran 
out. He immediately turned off the cock and blew 
out his match as soon as he saw gasoline was issu- 
ing and did not again attempt to light the lamp. 

About two years since a new day coach which was 
being built at Pullman, III., for the Union Pacific 
Ry., equipped with carbureters was reported to be 
destroyed by fire caused by gasoline, but just 
how we have not been able to learn, if, indeed, the 
precise cause is known. In regard to this incident, 
and their experience generally with carbureters. 
Mr. J. H. McCoNNELL, Supt. M. P. and Mach., U. 
P. Ry., writes us under date of Jan. 19, 1892 : 

We have some 40 cars equipped with carbureters. As 
to the matter you asked about— car being destroyed by 
fire at the Pullman works from use of carbureters- 
am unable to give you aay information, as we have no 
recor*^ of it here. Inexperienced persona handling the 
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carbureters, by taming the valve open too wide, have 
caused the head lining? of the car to be smoked on several 
occasions. 

We experience m3re diffl3ulty from carbureters in 
cold weather than at any other time, as they do not burn 
well, from the fact that the gasoline bccumes chilled and 
does not vaporize readily . In extremely cold weather we 
find it difficult to m ike th« lights burn. We have tried 
to overcome this by numerous experiments, but so far 
have not succeeded in making a good light when the 
weather is below zero. In warm weather the light has 
given us good satisfaction. 

On Feb. 20, 1891, a parlor car on the Chicago & 
West Michigan Railway was slightly damaged by a 
fire originating, it is supposed, in overcharging of 
one of the carbureters. The facts of this occurrence, 
we are advised by the superintendent of motive 
power, were as follows: 

We had four cars equipped with the dry carbureter sys- 
tem, and on Feb. 20, last, our parlor car No. 6 was slightly 
damaged by fire, originating from one of the lamps which 
had been overcharged with gasoline. There were seven 
panels of headlining ruined, the varnish of the clear story 
blistered and a few deck lights broken. The lamp and 
carbureter were not injured, except that the glob i was 
broken. The responsibility for this accident is wholly 
charged to one of our employees, who neglected to follow 
his Instructions in charging the carbureter. I might say. 
In connection with the subiect, that this slight fire, while 
not directly chargeable to the device, resulted in consider 
able prejudice on the part of those who do not understand 
the principle o£ the light, and we have removed the same 
from the car and replaced with Acme burners (oil lamps). 
This, I think you will appreciate, is on my company's 
part in the direction of overcoming a public tentiment 
that frequently necessitates a change of some kind to 
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allay prejudices, which, at some future period, might be 
somewhat to our disadvantage. 

Another promiaent superintendent of motive 
power, who has had a good deal of experience with 

carbureters, writes us : 

" We have not had any trouble with carbureters, ex- 
ceptinj; that when we first commenced using them on 
one or two occasions the carbureters were overcharged. 
This allowed under some conditions liquid gasoline to go 
througch the burner in place of gas. It would result in an 
occasional bit? blaze of light (flame) which was startling to 
occupants of the cars, to say the least of it. Now that we 
know of this difficulty there is no more trouble from it." 

On the other hand, General Manager Ainslie, ot 
the Wisconsin Central lines, writes us : 

*' We have two trains equipped with the carbureter 
lighting system, which have been in service for nearly 
two years. We have had no accidents, and our experience 
with the latter system indicates that it is a safe light to 
use." 

The Pennsylvania Railroad, which has had by far 
the loDf?est and widest experience with this lamp, 
has had no accidents from its use, and no misbehav- 
iors of the lamp threatening accident, so far as we 
know or can learn by careful inquiry, except the 
following : In one case the globe of a lamp in ser- 
vice became filled with flame, and the attendants 
knocked the lamp down with an axe. In another 
case the globe became filled with flame but the lamp 
was extinguished without resort to such extreme 
measures. Also, about a year ago, a car at the 
Jersey City yard was about to be charged, and six 
2-gallon cans were standing by for charging It, when 
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fire was started in some way never accurately 
determined, and communicated at once to the car, 
which, however, was not entirely destroyed. After 
the fire the cocks of the six charging cans were all 
tound to be open, and it is inferred that vapor was 
escaping from them and was by some means ignited. 

Several other alleged instances of trouble from the 
plant on various roads have been reported to us and 
inquired into, but they have always proved to be 
without known foundation. Having made every 
effort to collect all reports of casualties from this as 
from other systems of car lightius:, no authenticated 
records except those above noted have reached us. 

Oa the other hand, during the period covered by 
our investigations, numerous reports illustrating the 
damages of gasoline in an unconfined fluid form 
have reached us. We will quote only two, one a rail- 
way disaster and one a bouse disaster. 

On April 14, 1891, a broken journal on a Great 
Northern Ry. train near Roth say, Minn., caught in 
the ties of a trestle, and threw a whole train into 
the ravine, except the engine and three cars. Among 
the wrecked cars was one car of gasoline, which was 
raptured, and the vapor of the gasoline reaching up 
to the engine firebox (as was supposed) and carrying 
fire from it back to the wreck, instantly set the 
whole train and trestle on fire, causing a loss (by 
newspaper reports) of some $100,000. 

On March 7, 1891, a St. Louis lady, who was house- 
cleaning, tired of dipping out gasoline slowly for 
cleaning some tapestry curtains hanging between 
two rooms, poured a quantity of gasoline (one ac- 
count says two gallons) into a tub or basin, and pro- 
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ceeded in her \¥ork. She spilt a little on her dress. 
She had hardly began work when fire was carried to 
her dress from a stove in one of the rooms. She 
rushed screaming from the room, but was prostrated 
by an explosion at the front door, where her burning 
garments * ^burned a great scar on the hall flooring 
and upon the east base-board." The house was con- 
siderably shattered by the explosion, and finally 
burned down. The lady died in a few hours. A 
servant girl had just left the room, and escaped to 
narrate the cause of the disaster. 

Great numbers of sach disasters from liqnld gaso- 
line iiili^ht easily be given. Its vapor has two ob- 
jectionable qualities which tend to make it more 
dangerous than other inflammable gases. (I) It ad- 
heres readily to clothing, soaking into it like water, 
and (2) it is so much heavier than air that 
it flows throus^h it and collects in pools al- 
most as water would. Yet, on the other hand, it is 
used ]ar;;ely and c jntinuously in many households, 
without accident. A high ofiicial of agreat Western 
railway, universally known and respected, in- 
forms us that he has used a gasoline stove in 
his household for many years with entire im- 
munity from accident; and that in view of the great 
additional .safe;?aards thrown around the use oC 
gasoline by the Frost carbureter plant, he feels quite 
warranted in using the latter for car lighting, 
which he does quite extensively. * 

*Tljat this is not a universal experience, ho werer, is 
shown by a newspaper iiom which chances to strike our 
eye while rovisine ijroofs of this article, as follows: 
**Mannii)^, la., Afarch 21.— The explosion of a gasoline 
stove used to heat water iu the baptismal font inaohiuoh 
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Passing^ from the record of experience, which, it 
mu^t be admitted, is not yet sufficiently extensive 
to be decisive either way, we proceed to summarize 
the technical facts bearing on the question of prob- 
able permanent safety. 

1. Gasoline is not a simple flaid like water, in 
which every particle has the same boiling point, but 
a mechanical mixture of the "paraffine series'* 
liquids (see p. 4), in which the separate particles 
have different boiling points. When heat is quickly 
applied the whole mass assumes a mean boiling 
point (for 88° B. gasoline about 110" F.); when heat 
is slowly applied the lighter parts evaporate first. 

2. Much commercial gasoline of so-called SS^ 
Beaum^ gravity is really of lighter gravity. In Balti- 
more the commercial 88° gasoline is mostly. Ql'', boil- 
ing at 83** F. under 3 lbs. pressure. 

3. Gasoline is one of the hottest of combustibles, 
owing to its high proportion of hydrogen and lack 
of any non-combustible elements. It generates in 
combustion about 27,400 heat units per pound, tur- 
pentine, for example, only generating 20,110 h. u. 
and coal or pure carbon some 14,500 h. u.* 

here yest< rday wrecked the font and set fire to the clothing 
ol the minister, the IJev. Mr. Boles, burning him fatally. 
*The following gives the chemical composition and heat 

generating capacity of a few of the hotter combustibles: 
abstance. Chem. comp P. c. hyd. H.u.perlb. Eviip.lbs. 
0«oline..{C,H..to}|a.o„t| ||7.5^| ,,,, 

Turpentine. U20 Hi« 11.8 20,110 18.2 

Alcohol C4 Hfl Oa 14.3 12,929 11 7 

OIeflantg*«8. C4 H4 14.3 21,330 19.3 
]P £L crude 

petr'm.... CgsHis (etc.) 13. 20,240 18.3 

Carbon C 14,514 18.3 

The per cent, of hydrogen for alcohol is for the com- 
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This amount of heat is sufficient to convert 24^ 
lbs. water at 72<' into steam at 212°, about twice the 
heating capacity of ordinary coals. 

3. The latent heat absorbed in vaporization by gas- 
oline from the liquid at 72° F. to steam at atmos- 
pheric pressure is low, about 1-5 (19%) only that of 
water. t Therefore the heat produced by the com- 
bustion of 1 lb. of gasoline will convert Into steam 
about 5 times as much gasoline as water, or exactly 
24.75 ■+■ 0.19 = 130.3 lbs. of gasoline. Something less 
than 1% of the heat of combustion, therefore (exact- 
ly 0.77%), if applied to vaporization, will maintain a 
continuous supply of gasoline vapor, without any 
assistande from an air supply. In order that the 

bustible hydrogen only, excluding that which combines 
with the oxygen. The evaporation is in pounds of water 
at 72- into steam at 21 2<*, absorbing 1,106 h. u. per lb. of 
water. 

t According; to the best available authorities gasoline 
absorbs only 150° per lb. in the actual process of vapori- 
zaiion or 190" from liquid at 72° to steam at (say) llSP*. or 
n^ of that of water, which absorbs 1,106**. As there is 
some doubt upon thiH point, however, we take the total 
heat to be 210° instead of 190°. We cannot leam that any 
tests have ever been made on gasoline. Prof. J. b*, Dkn« 
TON, of the Stevens Institute of Technology, writes us as 
to existing records: "The only experiments with anything 
resembling naphtha, are to bo found in the third volume 
of Ukgnault's (Experiments) or 'Compte Rendus 'about 
1843. 1 understand, however, that what he calls naphtha 
is not identical with what is now used under that name. 
The only experiments on this substance are those reported 
Art. 135, Wood's 2d ed.'Thcrm(jdynamic8,' where thelatent 
heat is given ah 237 thermal units licr lb. for a pressure 
of 60 lbs. above the atmosphere. The figure is anapprox-. 




of vaporization than that estimated abo/e (210**). which 
is based on data given in D. K. Clare's " Manual for Me- 
chanical Engineers." 
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vaporization may be sufficiently rapid to make a 
good lig'^ t, however (see page 7), a temperature of 80** 
to 90** or more is required and obtained. 

4. The heat absorbed by vaporization at any 
given rate is sensibly the same, whether it takes 
place above or below the boiling point of gasoline. 
Also, 

5. The total heat absorbed by the process of gas 
making, including that needed to warm up the air 
supply, is sensibly the same at any given rate of 
vaporization ; whether the amount of air supplied 
be much or little, and whether the vaporization takes 
place above or below the boiling point. With about 
^ air and % gasoline, as in our burning tests 
(see page 18 et seq.), about 0.79% (i. e., 0.79 of 
1%) of the total hsat of combustioa is absorbed in 
gas making ; with }i air and 3^ gasoline, 0.81% ; with 
% air and }i gasoline, 0.83%. All the rest of the 
heat, say 99.17%, is either carried off in the gases from 
the chimney or dissipated by radiation from the car- 
bureter or goes to raise the temperature of the car- 
bureter. 

6. Whether or not vaporization takes place below 
the boiling point depends, therefore, on (1) how much 
of the heat of combustion is communicated to the 
carbureter ; and (2) on how much is radiated there- 
from. If more is supplied than is radiated, the tem- 
perature will in time rise above the boiling point of 
say 110% 

7. The mass of the carbureter is very considerable 
in proportion to the heat supplied to it ; but, on the 
other hand, its mean specific heat is low (about 0.17 ; 
water being 1.0). Its total weight, including the 
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casing and attachments, beinjc 160 lbs.;* 27^ h. u» 
only (160 X 0.17) are required to raise its temperature 
1° F. To raise its temperature from 83° F. to llS*" 
F., (the boiling point of gasoline under about 3 lbs. 
pressure), or say 30% requires 816 h. u. 

8. Thd total generation of heat under the conditioiis 
of our burning testsf was 6,938 h. u. per hour, of 
which 0.79%, or 55.78 h. u., is absorbed In generutUig 
the gas. If, in addition to this heat of vaporisatton^ 
we assume various percentages of the total he«b 
from 1% to 30%, to be communicated to the carbureter 
in excess of that carried off by radicUionf we find 
that the carbureter will be heated up from S^"* to 113* 
F. (i. e., absorb and retain 816 h. u.) in the followini^ 
time : 

The percentage of total heat communicftted, la 

excess of 0.8% for vaporization and of the loM by 

radiation, being 

1% 2% 3^ 4^ 5^ lOit 20% SOU 

and the heat units per hour represented by these 

percentages being 

69 139 208 278 317 691 1,S88 .tOU 

816 h. u. will be communicated to the carbureter in 

11.82 5.91 3.94 2.96 2.36 1.18 OM <Ui 
hours, hours, hours, hours, hours, hours, hours. hoenL 

Two actual tests of lamps burning in still air of 

75-77'' in a large room (see pages 80, 81; showed 

that 3% to 4 hours were required to raise tbe 

temperature of the carbureter 40**, indicating th«t 

under those conditions 23^ to 3% of the heat 



* We refer always to the original ciroular carbureter* 
The newer square form is larger and heavier, 
t See page 18. 
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ated in excess of the loss by radiation and vapori- 
zation was communicated to the carbureter. With 
the surrounding air in rapid motion the radiation 
would be many fold more rapid; with still air at 38° 
F. radiation would be about twice as rapid With 
tb« exterior shell of the carbureter heated to 112' 
radiation would cease. Between these extremes 
there may be all conditions of radiation. 

Tbe above computations apply to lamps burning 
^soline at the rapid rate of 4.05 oz. per lamp per 
hour. In Pennsylvania R. R. practice it has been 
found that about 3.3 oz. per lamp per hour=(l qt. per 
hour for six lamps) is burned. At this rate, the 
above computed times for heating up the carbu- 
reter 30** should be increased about 22)^%; in ad- 
dition to which it is to be remembered that thft 
Pennsylvania plant does not direct nearly as much 
heat into the air passages surrounding the carbu- 
reter as do the forms of plant tested. At half this 
rate of combustion, which we assumed in our article 
on comparative cost to be a fair vaporizing rate for 
ordinary practice, about twice as much time would 
be required as is above computed to heat up the 
carbureters 30**, under otherwise similar conditions. 

These facts point to the conclusion that in wintry 
air in rapid motion it might be all but impossible to 
raise the temperature of the carbureter 30° F. above 
the temperature of the interior of the car in any 
form of the plant; that, in still summer air, or in 
strong sunshine, even with rapid motion and with 
no lamps burning, it might be very easy to do so; 
and that between the two there may be all condi- 
tions, according to whether the car is moving or 
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f^rallons of gasoline. He bad to use a "gravity lighter 
than 86°"; be thinks 4° or 5' lighter. [The standard 
is 88'.] The next two days were bright and very 
warm, but the interior of the car was probably cooi» 
the porter thinks from 65" to 70°. The porter could 
not say whether he filled the carbureters too full or 
not. At Chicago, on the evening of the 30th (Sun- 
day), the car was standing in the yard, and the 
porter was alone. He had not lighted the bedroom 
lamp, but thought he would light it, as all the 
other cars around were lighted. On opening the 
valve of the lamp, instead of gas, liquid gasoline 
isused at the rate of two drops per second, the por- 
ter thought, and caught fire as it came out, falling 
to the floor and not into the glass globe, as that was 
lowered. About 13^ tablespoonfuls. he thought, ran 
out. He immediately turned off the cock and blew 
out his match as soon as he saw gasoline was issu- 
ing and did not again attempt to light the lamp. 

About two years since a new day coach which was 
being built at Pullman, III., for the Union Pacific 
Ry., equipped with carbureters was reported to be 
destroyed by fire caused by gasoline, but just 
how we have not been able to learn, if, indeed, the 
precise cause is known. In regard to this incident, 
and their experience generally with carbureters. 
Mr. J. H. McCoNNELL, Supt. M. P. and Mach., U. 
P. Ry., writes us under date of Jan. 19, 1892 : 

We have some 40 cars equipped with carbureters. As 
to the matter you asked about— car being destroyed by 
fire at the Pullman works from use of carbureters- 
am unable to give you any information, as we have no 
recor*^ of it here. Inexperienced persona handling ths 
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sorbed liquid and prevent that free circulation which 
in a liquid forbids part of it from boiling until all is 
heated to the boiling point. Part of the gasoline, 
therefore, may be heated above the boiling point 
and thus may be generating steam while the rest of 
it is comparatively cool. • 

Asa homely illustration; conceive a wet sponge 
held against a hot stove pipe. The interior part will 
give off steam and rapidly dry while the exterior is 
still cool and can be held in the hand.* To make 
the illustration more perfect, conceive an annular 
sheet iron reservoir packed with sponge saturated 
with water to be built around a stove pipe; conceive 
also that there are two small openings in the top 
of this reservoir, one near the stove pipe, and the 
other near the outer part of the disk. If the stove 
pipe be hot enough to make steam at all, will steam 
begin to come out of the inner opening almost at 
once, or will it wait until the entire mass of sponge 
and water within has been heated to the boiling 
point? We conceive that it will begin to come out 
at once, and continue indefinitely to come out, 
chiefly through the inner opening; and this all the 
sooner if the interior mass be cut up by a spiral 
partition. 

It is true that the core of a carbureter is by no 
means a stove pipe; buc it is separated only by an 
inch or so of non-conducting air through which ra- 
diant heat will readily pass from a pipe which 

* The fact that 3 lbs. pressure exists in a carbureter 
makes no difference, except to sli^btly raise the boiling 
point, since the same pressure exists inside and out, less a 
trifling correction to be noted shortly . 
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is nearly as hot as an ordinary store pipe; and then, 
gasoline is not water. We therefore conceiye that 
this unequal temperature of different parts of the 
interior is precisely what takes place daring tlio 
greater portion of the time when carbureters are 
burning, in any form of the plant; and this conclu- 
sion is not greatly affected by whether a part or 
all of the air supply works its way to the burner 
throuQch the wicking or takes the short cut aboye 
the carbureter through the by-pass. 

For reasons given in detail on page 86 et seq,^ 
however, we have grave doubts whether in or- 
dinary practice much air ever works its way 
through 421^ ft. of spiral passage filled with wick- 
ing instead of taking the short cut through the by- 
pass. The standard by-pass is <or was) the same 
for all forms of the plant. It will, by experiment^ 
pass about 5.87 cu. ft. per hour under }{ oz. ^.43 in. 
of water) pret>sure, and half that quantity, or sovne 
2.93 cu. f fc. under one-fourth of that pressure, or l-M 
oz., which is practically no pressure at all. The 
usual air consumption, in plants wbtefa nee most 
air, is 2 to 3 cu. ft. of air per hour. Ic may be that 
a pressure of 1-16 oz. will force a sensible quantity 
of air through the spiral passages, but we doubt it.* 

* There is an easy way to test this conclasion, by at- 
taching a pressure ga^e to the «&n pipe between the oar* 
bureter and needle-valve. If it indicates more thsA 
M to V^ oz. less pressure than exists in the deck pipe* 
then the bj -pass will pass much less air than our ex|Nn* 
mental tests indicated, and perhaps so little that a certain 

fiercentage of air (which may be large or small), isgoing 
hrough the wicking. Whether air thvs passes or not. 
however, noes not affect our main conclusions. eieepC 
that the exit of gasoline vapor from the " air inlet** WUI 
be opposed by a pressure equal to some f ractiim of the 
difference observed. 
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These several conditions seem to i>oint to the fol- 
lowing conclusions: 

A. A very slight difference in the amount of heat 
present, with hardly any difference in the amount 
of heat absorbed or radiated, may change the plant 
from one which charges air with cool gasoline vapor 
to one which mixes gasoline steam with a varying 
Bupply of air, or vice versa. 

B. In either case this does or may take place to a 
considerable extent in the pipes outside of the car- 
bureter, and it is not functionally necessary that 
any air should pass through the carbureter pass- 
ages, to make gas. 

C. In either case, but especially when any part of 
any of the carbureters is heated above 110-15°, a 
rapture of the deck pipes, carbureter connections, 
carbureters, or interior gas pipes between the car- 
bureters and needle valves is likely to let out an 
inflammable or explosive gas, and not air only; 
which gas will continue to come out with some free- 
dom until the temperature of every part of all the 
carbureters has fallen below 110", and thereafter 
more slowly. 

D. In either case, but especially when the carbu- 
reters and interior of the car are quite warm and 
the exterior air is cold, after the lamps are extin- 
guished for the night there will be a generation of 
Yapor which will tend to condense in the deck pipes 
and remain chere until the lamps are again lighted. 
If the deck pipes were entirely filled by this con- 
densed gasoline, as may happ<?n at times, there 
would be nearly two- thirds of a gallon of gasoline 
contained therein (enough to supply one lamp for 
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some 17 hoars), which would escape as liquid or 
vapor in case of rupture. 

E. If there be any leakage of air about a carbu- 
reter, it is essential to safety that if one lamp on a 
car be lighted all should be lighted; if one lamp be 
extinguished (for any considerable time) ail should 
be extinguished. Otherwise, the entire interior of 
all the carbureters on a car and their connecting; 
deck pipes being a single closed chamber, and there 
being a slow escaping current through the leak, 
gasoline will tend to distill over from the lighted 
carbureters and to condense in the unlighted and 
hence cool, leaky carbureter, which may then 
become overcharged with liquid gasoline.* 

We should be reluctant to express these conclu- 
sions about a problem which involves so many 
complex elements as the precise functional ac- 
tion of this plant, if their correctness did not admit 
of simple proof or disproof, by a variety of tests, all 
of which can be made without special apparatus, or 
much loss of time, or sensible injury to the plant on 
any car. The tests of this nature which now occur 
to us, and which are applicable to all forms of the 
plant alike, are the following: 

1. Tap a common gas burner into the deck pipe 
near a carbureter. Light all the lamps and let the 
surroandiiig air be moderately warm. If the ac- 
cepted theory of the plant be correct, nothing should 
issue from this burner at any time except air, with 

* The most probable explanation of the Georgia Central 
insiance of imperfect action of the plant, as above given, 
beems to us to be that it was an instance of this dtotUlinff 
effect. 
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perhaps a smell of gasoline. If our theory of the 
plant be correct, an inflammable gas will issue after 
the parts are once well warmed up, which will con- 
tinue to burn indefinitely. If so — 

2. Tap in more gas burners in various parts of the 
deck pipe until it is found that they will not ail 
continue to burn after the parts are well warmed up. 
If our theory of the plant be correct, the number 
will be very considerable under favorable conditions. 
Also— 

3. After one or more of these exterior burners are 
lighted and the carbureters are well warmed up, 
extinguish all the interior lamps and note how long 
it is before the exterior burners will go out. If our 
theory of the plant be correct, it will be a very con- 
siderable time under favorable conditions; but with 
the exterior air colder than 75° to 80°, it will not be 
long. 

4. On a cold day, after burning all the lamps at 
full height four or five hours in a warm car, stand 
the car on a slight grade and observe through a 
cock tapped into the lower end of the deck pipe 
whether any liquid gasoline can be drawn out. If 
our theory of the plant be correct some liquid should 
begin to issue soon after extinguishing the lamps. 

5. Without lighting the lamps, expose the exterior 
of the carbureters to a temperature equal to that 
which may be derived from a summer sun, with 90° 
interior temperature. If our theory of the plant be 
correct, deck gas burners under these conditions can 
be lighted and will continue to burn. 

These experiments may be varied and extended 
in many ways. They will indicate, should they cor* 
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respond in result with our conclusions, that rap- 
ture of any of the pipes or connections at any point 
during much of the time when the car is in service, 
either by day or by night, will not let out air only, 
but will let out a considerable volume of Inflamma- 
ble liquid or gas, which sinks in air and tends to 
adhere to clothing or collect in pools, and if any part 
of it reaches fire anywhere becomes highly danserooa. 

The same result will follow, "a fortiori," from any 
cause which should rip open a carbureter bodily, ex- 
posing its wicking freely to the air. That this is ex- 
tremelv difficult to do and that the carbureter la 
extremely tough and difficult to rupture was ahown 
by experiments detailed at length in our issue of 
May 16, 1891. These tests have been accepted by 
many presumably competent authorities, as con- 
clusive proof that under no conditions is a carbureter 
likely to be tern opon in a wreck. We cannot quite 
agree with them. We agree that these tests showed 
that it was far more diilicult than one would expect 
to tear open a carbureter injuriously in a wreck, and 
that it is only in very severe accidents Chat it is 
likely to happen. But we do not consider that the 
test conditions were as severe as they mig^tbe made> 
or as may occur in a passenger collision, and in rare 
cases we believe it will be found that the carbureter 
will be so sheared or torn as to expose much wicking 
to the air— a fact which would be of little moment 
(because of its rarity) except that when it does hap- 
pen, if it ever docs, will be just when most lives are 
exposed to the danger of a painful death. 

Other dangers of accidents from lamps in service, 
however, such as *' explosions" and the like, we 
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believe are, practically speaking, wholly absent 
from the plant, contrary to our impressions on be- 
ginning this investigation. But besides accidents 
from lamps in service there are a number of other 
possible sources of accident which we merely enu- 
merate, and leave everyone to estimate for himself, 
since the estim te cannot possibly be made precise. 
The most considerable of these is perhaps — 

1. The possibility of inexpert tampering with the 
details of construction or operation, as by using a 
lighter gasoline,* turning more heat around the car- 
bttreters,t varying the construction of the carburet- 
ers, modifying the rules for charging.^ etc. It is evi- 
dent that such changes may seriously modify the 
functional action of the plant, and perhaps injuri- 
onsly. 

2. Gasoline will naturally be kept in stock at a good 
many points, and in as small quantities as possible, 
to avoid the risk of fire. It wiU therefore tend to 



*This has already occurred; a lighter gasoline boiling 
at 91** being supplied at many poinls. 

t This also has already occurred, and in a way which 
many strong friends of the plant regarded as highly in- 
jurious. After the original experimentn on the Pennsyl- 
vania H. R. had been completed, and standard plans for 
that road adopted, the manufacturing company proceeded 
to make some considerable changes in the lunctionA,! 
action of the plant, which have been fully explained in 
these articles, by the apparently simple change of adding 
a damper which threw much more neat around the car- 
bureters. It developed in the course of this investigation 
that a considerable number of these modified lamps had 
been placed upon the cars of the Pennsylvania K. R. in 
the ordinary course of business, without the knowledge 
or consent of the responsible oflicers, who thereupon 
ordered them removed. 

X Both the construction of and the rules for charging 
the carbureters have been considerably modified since the 
first introduction of the plant. 
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be transported on a good many different trains, and 
quite possibly at times in passenger trains, in re- 
sponse to telegrams for a supply to some officials' 
car, or to meet any other unexpected emergency. 

3. The dangers of fire and explosion from free gas* 
oltne being quite outside of the ordinary experience 
of ordinary trainmen, it will be impossible to make a 
large staff appreciate duly with what rare it should 
be handled, especially after a long period of immu- 
nity. 

4. The stock being naturally kept in a small 
detached building, at a point convenient for charg- 
ing, a leak in any one ot 80 or more 2'gallon charging 
cans may generate a gas which any flame may ignite 
and cause a sudden and fierce fire in the middle of a 
large yard. This is especially possible if the building 
be a mere sheet iron shell such as is largely used 
and recommended. 

5. Carelessness in charging, especially with 
lanterns or locomotives near, may cause a fire. 

6. Leaks in the plant on the car at any point may 
have serious consequences. 

These various facts and possibilities lead us to 
feel grave doubts as to the propriety of using g^aso- 
line as an illuminant for cars, even in that safest of 
all devices ever designed for burning it, the Frost 
carbureter plant. This seems especially so because 
it does not appear from any facts known to us and 
recorded in these articles that the carbureter fur^ 
nishes either a better or a cheaper light than can be 
obtained from 300" oil or from compressed oil gas. 
But in closing this long series of articles we desire 
to say again, as we have said before, that a case 



c&n be made out in fttvor of the ealety of tbat 
Sfstem for general use so strong tbat, if not strong 
enough to withstand all testa of a rigid investiga- 
tion, is at least so strong as to make it pardonable 
for any man to bave believed it invidcible and acted 
accordingly. Many railway officials of the bigbest 
character and standiDg, having a responsibility on 
their shonlders which we have not, have so acted and 
so concluded. Should the worst railway holocaust 
on record occur to-morrow and be directly traced to 
the use o( gasoline for car lighting, we shall bave 
no word of reproach to say to them nor of them. 
Should such an accident occur two or three years 
from now, however, unless we bave obtained more 
light In the meantime than we now have as to some 
of the difficulties suggested in this article, it may be 
a different matter. 




APPENDIX. 

Car Lighting by Storage Batteries: Jura dt 

Simpion Bailway. 

An article in the "Railway Engineer," of London* 
England, by W. R. Weyermann, LocomotiTe and Car 
Superintendent of the Jura & Simpion Railway, of 
Switzerland, gives an interesting account of the ex- 
periments made on that road with electric lighting 
for cars. The experiments were commenced in 
1889, and as through trains in Switzerland are made 
up of cars belonging to different railways, and hare 
to be divided after a few hours* run, for the cars 
to proceed along the different lines, the only avail- 
able system is one in which storage batteries are 
used, each car carrying its own batteries. At the 
end of 1891 the company had 18 first and second- 
class cars, 60 third-class cars and 12 baggage cars. 
or 90 cars in all, fitted with tlie electric light, and 
120 new cars are also to be fitted -with it. 

The secondary batteries weigh 242 lbs. each, in- 
cludini? the wooden casing, and are easily carried by 
two men. Each battery consists of three ebonite 
troughs, fastened tightly in a wooden case, and 
each trough contains three colls, with positive and 
negative plates dipped in a solution of one part sul- 
phuric acid to ten parts water. The nine cells are 
joined in series, giving a total pressure of IS volts. 
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The weight of the electrodes is 158 lbs. The prac- 
tical capacity of the battery is 125 ampere-hours, 
the maximum discharge current being 15 to 18 am- 
^es. The incandescent lamps require three watts 
of electric energy per candle power, to raise them to 
their normal brilliancy, which with a tension of 18 
volts, gives a current of 1-6 ampere per c. p. The 
battery has a capacity of about 750 c. p. hours, with 
a maximum of 100 c. p. The lamps are of 10 c. p. 
for the compartments, and 5 c. p. for the lavatories 
and end platforms, the cars having through communi- 
cation. The first-class cars have lights of 70 c. p., 
the third-class, 40 c. p., and the baggage cars 30 
c. p., and one battery will, therefore, light a first- 
class car for 101-2 hours, and a third-class car 
for 18 1-2 hours. All new cars will have room for 
two batteries, as by some of the new traffic arrange- 
ments for through cars over connecting lines, one 
battery will not be sufficient to supply the light 
until the car gets back to the charging station. The 
battery is carried under the body of the car, in a 
box 29 1-2x19 1-4 ins. and 15 3-8 ins. deep. When 
the battery is pushed into the box the two poles 
come in contact with two strips of brass on the * 
bottom of the box, from which insulated copper 
wires run to one end of the car. The main wires 
run from end to end of the car, and are covered 
by the ceiling cornices, which protect them and giv«3 
uecurity against short circuits. Two wires of small 
section connect the two mains to the lamps. In 
second and third-class cars, one of the main 
wires is provided with a switch at the end of the 
car by which the current can be turned on or oft 
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by a special key carried by the conductor. First- 
class cars, which often have emp^ compartments, 
have a similar switch to each compartment. 

The incandescent lamps have brass sockets and 
extra strong fixings for the platinum wires, and are 
specially made for a pressure of 18 volts. They are 
manufactured by Siemens & Halske, of Berlin. 
To prevent the lampholder contacts from being dam- 
aged by short circuit, one of the wires to the lamp 
is provided with a thin strip of tin foil, which- will 
fuse in case the current should exceed a certain 
strength, and the main wire from the positive pole 
of the battery is provided with a strip of tin foil for 
the same purpose. The lamps are placed under the 
ventilators, the current of air cooling the lamp 
and reducing its deterioration. As an experiment 
for lowering the lights at night, without the use of 
complicated devices, the single lamp of 10 c. p. in 
each compartment was replaced by two lamps of 5 
c. p. in the same globe, and the separate switch was 
so arranged that the lamps could be joined parall^ 
or in series, burning with full or half power re- 
spectively. The same effect could have been at- 
tained with one lamp by using additional resistance, 
but then the loss of electric energy would have been 
the same at full and reduced power, while the Join- 
ing of two lamps in series reduces the working cur- 
rent. The first cost and working expenses, however, 
and the extra lamps, holders and switches, would 
have been out of proportion to the advantages gained 
and the arrangement was soon abandoned. 

In order to keep the storage batteries in good 
working order it is essential to limit the discharge^ 
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for when this exceeds a certain limit the electrodes 
begin to lose a part of their accumulating power and 
their efficiency is reduced. For the second and third- 
class cars, all the lights of which are controlled by- 
one switch, the number of hours was determined 
during which the battery could give a normal current 
without exceeding the limit of 750 c. p. hours. For 
registering the number of hours a clockwork device 
is used, which is placed under the car, near the 
battery box, in a cast iron box with, a glass face, 
the dial being graduated for 30 hours, and the start- 
ing hour worked by a red arrow. This device is con- 
nected with the switch, so as to register the time 
the current has been flowing. The employees who 
change the batteries at certain stations can see at 
once whether a new battery is needed, and when- 
ever a battery is put in the clockwork is wound up 
and the arrow set to the starting point. The main- 
tenance of batteries is contracted for by the Marly 
Electric Storage Battery Co. at $5 per battery per 
annum. The spent batteries removed from the cars 
are sent in a special car to the railway company's 
works at Fribourg, where they are recharged with- 
out being unloaded. The battery cars carry 60 bat- 
teries in 12 sets of five each, joined in series. The 
charging pressure for each set of five batteries is 
109 to 110 volts, and the batteries are charged when 
the pressure of each set reaches 105 to 108 volts. 



INDEX. 

Page. 

Brlce, Private Car of Calvin S 209 

Cheoiin de Fer de I'Est ^ . . 251 

Central Railroad of Georgia 54, 2t5(i, 28 1 

Central Railroad of New Jersey 247, 249 

Chargbig cars with gas 117, 247, 265 

Chicago & Alton K. It 251 

Chicago & West Michigan Ry 271 

CinciunatK Hamilton & Dayton R. R 255 

Foster gas plant 3, 24t$ 

Frost carbureter system 54, 265 

Gasoline 273 

Grand Central Station 247, 205 

Great Northern Ry 273 

Great Western Ry. of Canada 254 

Ilarrisbupg, Pa 247 

Kerosene, i&ee Oil lumps.) 

Mall service, Railway 284, 258 

Mott Haven, N. Y 246 

New York Central (dynamite explosion) 241 

Norfolk & Western 41>, 259 

OU lamps i:^, 234, 25i, 268 

Penusylrania R. R., Thompsontown 259. 

Pintsch gas system 240 

Railway mail service 234, 258 

Rathsay, Minn., Great Northern Ry 273 

St. Louis, Iron Moimtain 6i Southern Ry 255. 

St. Louis lady 274 

Savannah, Florida & Western Ry 254i 

Seaoombe, Hoylake & Deeside Ry. (England) . . 248 

Tank, Explosion of oxygen 251 

Thaxton's, Va., Norfolk & Western Ry 49, 265 

Thompsontowu, Pa., P. R. R 250 

Wabash R. R 255 

Wannsee. Germany 250 

Adams & Westlake 152, 157 

Alnslie (Gen. Manager Wis. Central) 264. 272 

Air, Percentage of gasoline vapor absorbed by 10 

American Lighting Co 3 



296 

Page. 

American Railway Association, Investigation of car 

lighting by 2Cl 

Arc light ^ 211 

Argaiid l)urnor .' 147 

Ay res, Arthur (Inst. C. E., paper by) 100 

Baltimore & Ohio K. 11., Estimate of cost of dif- 
ferent systems; of lighting for 221, 235 

Specilications for oil for 144 

Barrett. S. H. (Supt. Telegraph, Conn. River R. R.) 171 
]{:iuer, A. II. (Supl. Elec. i)ept., Pullman Ck).)..180, 189 

Beaume scale 7 

Belgian luirner 154 

( 'audle power of 200 

Bh)(lg(*tt, G. W. (Elec. engineer, Bost. & Albany 

K. U.) 166 

Boiling points of petroleum products 4 

Boston & Albany R. R., Electric light on 166 

Bowman, John D., Test of Frost carbureters bv. . 93 
Burlington, Cedar Rapids & Northern Ry., Elec 

light on 167 

Canada Atlantic Ry., Elec. light on 168 

Candles 1, 160 

Candle, Standard for photometric tests 197 

Candle-i)ower of various lights 200, 207 

Electric lamps 210 

Horizoiit.il and circular ; 197 

Cape Colony Government Rys.. Elec. light on.... 178 

Calorific power of combustibles 275 

Carbons for electric arc lamps 211 

Carbureter system. (See Frost carbureter system.) 
Car lighting. Report by International Ry. Congress. 132 

An»erican Ry. Assoc, on 261 

Carpets. Damage by oil tm Pullman cars 60 

Accidents from tripping over 240 

Cars, Hours lighted per day. average 0^ 

Xo. of i)}jss. equipment. IT. S. and Canada 225 

Central diaft burners, oil lamps 148 

Central R. R. of (in.. Accident on 54, 266. 2H4 

Charging cars with gas 238. 117. 247. 265 

Charging cars, comparative fretiuency with different 

systems of lighting 237 

Chesapeake & Ohio Ry., Cost of elec. light on 180 

Chicago, Milwaukee & St. Paul R. R., Elec. light on 

160, 184, 187 

C(/mprosFion of gas. EfTect on candle power 222 

Conn. River R. R., Elec. light on 171, 186 

Cory, C. H. (Supt. Motive l»ower, C. H. & D. R. R.) 255 



297 

Page. 

Cost, of car lighting systems 2\'\ 

Attendance and supplies 233, 2oG 

First cost, Comparative 213 

Frost carbureter system 218 

niuminant per car, various systems 232 

Oil lamps 213 

Operating 222, 235, 23(> 

Total yearly of various systems 235 

Cotton, C. A. (Electrician Safety Elec. Light Co.).. 163 

Dayton Mfg. Co 152, 150 

Depreciation : 

Electric lighting systems 183 

Frost carbureter system 220 

Oil lamps 214 

Pintsch gas 218 

Dibdin radial photometer 12 

Distribution of light 206. 208 

Dixon, Robt. M. (Eng. Safety Car Htg. & Ltg. Co.) 110 

Drip cups for oil lamps 151 

Dudley, Dr. Chas. B., (Chemist, P. R. R.)..38, 70, 135 

Duplex burner 148 

Dynamite, Danger in handling 240 

Electric Isnnps. Candle power of 210 

Electric Lighting 160 

Advantage of 160 

American practice in combined dynamo and 

storage battery systems 179 

Brush storage battery 166 

Candle power of 210 

Carbons for arx* lamps 211 

Cars lit in England 177 

Combined dynamo and storage battery system 

with cells on every car 170, 187 

Combined system with cells on one car 170, 185 

Cost of 180, 191 238 

Difficulties in 160 

Direct dynamo system 168 

Dynamo driven from car axle 171 

Earliest use on cars 165 

English experience in 171, 177 

Incandescent lamps, candle power of 210 

Julien Electric Co 166 

Jura & Simplon Ry 280 

Khotinsky system 168 

Pennsylvania limited train 179 

Primary battery systems 162 

Size of plant for American trains 162 

Storage battery systems 164 



Electric lighting?: Page. 

Storage butteries. Jura &. Simplon Ity flK) 

SystciiiB t)f KJl 

Track wire H.vstem 164 

Ely, Thw). M.. (Supt. Motive PoMKr. P. II. R.) 2;W 

Erie R. U., Ilutsch gas plant at Jersey aty. .107, 218 

Faure accumulators 164 

Foster gas process 3. 113, 246 

Frost carbureter system, general description. 21, 96, 75 

Action of in service 8&I 

Air supply, general practice 37, 83. 

Air supply, 1*. U. K. practice 3Q 

Air supply, why not heated in general practice. 41 

Air supply, AH through by-pass 67 

Air supply. Tests of amount of 17 

Air tank 27, 68 

Hlowing out of lamp; How prevented 40 

By-pass, Office of b7 

C'andic Power of; Various lamps 2M 

Carbureter, general description SKI 

Capacity of 64 

Drop tests of 33, 46, 2»6 

Fire test of 44 

Interior construction of 43 

New s(iuare 6E!I 

Strength to resist bursting 67 

Weight of 84 

Weight of separate parts 08 
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vania R. R.) 
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Damages from drip and spilling 66, 233 
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